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PREFACE 

The problem of effecting repair to war damaged 
runways within the time constraints of a combat 
Situation currently looms at large for the Armed 
Services of the United States. Although several 
methods have been proposed and tested, none have been 
adopted as the answer to the problem. Research 
continues on in earnest at several Department of 
Defense Research Centers. 

As a Naval Officer with ¢@.S years of hands-on 
experience in effecting repair to war damaged 
runways, I chose this subject as the basis for my 
Master’s Report. After consulting with several 
prominent professors and engineers, I had gathered 
several solutions to the problem. One concept that 
looked very promising was conceived through 
Bensultation with Mr. Richard Coble. 

Mr. Coble is attending the University of Florida 
memaotain a PH.D. in Architecture. Mr. Coble is 
president of KACO Construction Company which performs 
approximately 15 million dollars worth of 
construction annually. Mr. Coble has a Bachelor of 
Science Civil Engineering and Master’s Degree in 
Building Construction. 

The concept involves mixing the materials in 
Place. My work began with developing a mix design 
Utilizing roller compacted concrete technology. i! 
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also formed rough ideas as to how the method could be 
developed into a construction technique. 

With my construction ideas, I consulted with Mr. 
Coble as to the validity of the techniques. Due to 
his eS yrs of contracting experience, with emphasis 
in equipment and soil stabilization, he was able to 
evaluate my ideas and develop additional ideas to 
Form a construction method. 

At this point, I looked toward development of a 
lab test on the smallest scale possible, that would 
Still simulate the actual conditions of the real 
scenario of repairing war damaged runways. I! would 
Face the limitations of how close the simulation 
would come to the real construction operation. 

Upon further consultation with Mr. Coble, an 
agreement was reached to conduct a full scale test as 
a joint research effort between myself and Mr. Coble. 
ime joint effort would involve the pooling of my 
experience as Naval Officer working in war damage 
repair and equipment management, along with Mr. 
Coble’s experience as a general contractor 
Specializing in equipment management. 

The test would have the resources of Mr. Coble’s 
Company, KACO Construction, at its disposal including 
a test site to perform the full scale test. The 


resources included all necessary equipment, 
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Operators, materials, computers, video equipment, and 
Benner resources that would not have been otherwise 
available. 

Therefore, through the teaming of my naval 
experience and engineering knowledge along with Pr. 
Coble’s experience in equipment capabilities, 
construction techniques, and the resources of KACO 
Construction Company, the research progressed at a 
pace which completed all design, development, 
testing, and verification of results on a large scale 
test within a Four month timeframe. 

The successful completion of this research can 
only be attributed to the diverse backgrounds of each 
partner coming together to form a competent team. 
Each partner obtained vital information from several 
sources including prominent professors and engineers. 

The preparation of this report covers the work 
completed by myself For the Fulfillment of the 
requirements of my master’s degree. The information 
and materials obtained through Mr. Coble, along with 
all other sources, are noted in the reference 


section. 
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CHAPTER 1 
INTRODUCTION 


1.1 Problem Statement 

In a combat/hostile scenario, the USAF main 
Operating bases (MNOBs) and U.S. Naval Air Stations 
CNAVYVATRSTAD must Function efficiently and effectively 
despite runway damage. The MOBs must Support tactical 
Bircraft launch and recovery (1). The NAVATRSTAS must 
provide critical logistics Support to the Fleet, forward 
Geployed antisubmarine warfare CASW) aircraft bases, and 
alternative launch and recovery sites for carrier aircraft 
Ce). Because of the important Functions served by MOBs and 
NAYVAIRSTAS, they will become primary targets for enemy 
and/or terrorist forces. The damage sustained from enemy 
and/or terrorist Forces must be repaired ina rapid and 
effective manner. 

The term rapid is typically interpreted to mean within 
et hrs, however, many cases will require repair in less than 
e4% hrs Ci.e. returning aircraft that cannot be diverted). 
The term damage is typically interpreted to include craters 
and spalls C€small holes not completely through the slab). 

The current rapid repair methods include using crushed 
stone with some type of cover to prevent loosened stones 
From entering jet engine intakes to cause foreign object 
damage CFOD) to the engine turbines. The types of FOD 
covers are Fiber reinforced Polyester CFRP) mats, AM-e 
matting, precast concrete slabs, and quickset concrete 
Utilizing a Cretemobile to batch the concrete (3). 
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Fach type of FOD cover has unique disadvantages. The 
FRP mats are constantly being researched to improve their 
anchoring capability. The significant problem is that the 
mats do break loose from their anchoring due to lateral 
Forces imparted onto the mats by high speed contact with 
aircraft landing gear. Sliding FRP mats could cause damage 
to aircraft landing gear during landings. Also, loose 
stone escapes from areas of the backfilled crater that are 
exposed due to the sliding mat. The FRP mats do not provide 
any structural support for the crushed stone, therefore, the 
Crushed stone base ruts from aircraft traffic creating a 
need for the FRP mats to be removed for routine leveling and 
compacting of the crushed stone base. 

The AMN-e matting is an interlocking steel plate system. 
A plate can be placed manually by two men. The 1.5” 
thickness of the plates causes a jolt to aircraft landing 
gear when they traverse from existing pavement onto the AM-e 
matting. The jolt is beyond the cyclic loading tolerance 
For landing gear of the Navy P-3, Air Force F-15, and F-16 
aircraft C4). The aircraft type restriction renders AM-e 
almost useless for main runway repair. 

Precast concrete slabs are placed by construction 
equipment. The slabs are typically two meter squares with a 
Gepth of 6 inches (5). The precast slabs typically undergo 
differential settlement from slab to slab. The time 
required for cutting old concrete and heavy equipment 
required for placement of slabs along with differential 


Ca 





settlement makes the precast slab method undesirable for 
main runway repair. 

The use of quickset concrete requires time to attain an 
initial set From the plastic state of wet concrete. The 
quickset concrete method also requires the use of a 
Cretemobile which is a truck with a small batch plant 
Capable of producing approximately eS CY/hour ¢€6). The 
Output is directly controlled Ccritical path) by the number 
of Cretemobiles onsite. The initial time of non-use, due to 
the plastic state of the wet concrete, and the limited 
Cretemobile output makes the quickset concrete method 
difficult to utilize as a main runway repair method. 

A need exists to establish a main runway repair method 
that is rapid, effective, and easy to install. 
1.e€ Study Objectives 

The primary objective of this research was to develop a 
rapid runway repair method that could be implemented by the 
armed forces within their current resources. 

Meo scope of Work 

A method of mixing Fine aggregate, coarse aggregate, 
cement, and water was developed using soil stabilizing 
equipment. 

The required testslab thickness was selected from known 
Slab thicknesses in existence today. The mix design was 
developed for a roller compacted mix. The mix design was 
tested ina laboratory For compressive, tensile and Flexural 
strength. Simplified relationships were developed between 
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the degree of compaction versus the strength of concrete. 

Moist Rodded Unit Weight tests were performed on the 
Fine and coarse aggregates to determine a pre-mix unit 
weight of each material. The mix proportions by weight of 
Fine aggregate, coarse aggregate, and cement were converted 
to pre-mix volumes. An angle of repose test was performed 
on the fine and coarse aggregates. The pre-mix volumes were 
converted to layer thicknesses. 

A Field test procedure was developed to conduct a large 
scale test of the method. A large scale test was performed. 

Settlement tests were conducted on an hourly basis to 
determine the rate of settlement versus time relationship. 
Test specimens of concrete material were collected and 
tested for compressive strength. 

Flexural and tensile strengths were calculated using 
known conservative compressive to Flexural strength 
relationships. Analysis was performed to determine the 
degree of compaction versus the strength relationships at 
different times of Curing. 

Conclusions were drawn as to the overall Suitability of 
this method for main runway repair. Finally, several 
recommendations were made for areas were Further research 


Could be conducted for this method. 
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CHARTER 
Pot eie heal PROCEDURE 


eee COnStruction Sequence 


ee. 1 Master Activity Listing 


The critical path activities were developed through 


consultation with Rick Coble, President of KACO construction 


company (7). 


mnie Clitiecal path activities in the constructian 


Sequence were as Follows: 


ie 


=. 


MARK-OFF HOLE; Mark-off equivalent hole 

PLACE COARSE LAYER; Fill-in and level off coarse 
layer 

PLACE CEMENT; Lay cement bags down at proper 
intervals. Open cement bags and spread out powder 
in thin layer. Place small amount of sand 
Simultaneously on top of cement powder. 

PLACE FINE LAYER; Place sand on top of cement and 
level of fF to desired height. 

BLEND DRY MIX; Mix aggregates and cement together 
With soil stabilizer. 

FORM LIP AND GROOVES; Form 1ip around mixed 
materials and make grooves in material 
perpendicular to the slope of existing ground. 
APPLY WATER; Apply water by watertruck. 

WINDROW EDGES IN; Windrow edges of layers towards 
center of layers with a motor-grader. 

BLEND WET MIX; Mix water, aggregates, and cement 
together with mixer. 
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het. 


FILL HOLE; Blade material into hole with grader 
WET DRY SPOTS; Apply water with a hose in small 
Quantities as grader blades material into hole. 
COMPACTION; Compact with roller. 

REMOVE EXCESS; Grade off excess with grader. 
FINISH ROLL; Make Final roller pass to obtain 


smooth Finish 


The CPM diagram is shown in Figure e.1. 
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al. c Construction Sequence Conditions 


The conditions before performing the First master 
activity were: 

ie The layer depths were already calculated. 
mmemoese layer width and length were calculated. Narre 
discussion on layer dimension calculations is contained in 
chapters 3 & 4. 

—— The crater was backfilled to a uniformd depth of 8 
inches and compacted. 

a. The area surrounding the crater was paved. 

= Construction sequence Discussion 

All photographs used as Figures in this section were 
taken and developed by Rick Coble of KACO construction 
company €8). Through the use of a stringline, an area to 
Place the material was marked off that was outside of the 


Crater. This marked off area or box is shown in Figure ec.e. 
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Figure e@.e Marked OFF Area CEquivalent Hole) 
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The coarse aggregate was placed first into the marked 
off box. The use of the marked off box to place the 
material in rather than placing the material directly into 
the hole is called the equivalent hole concept. Further 
discussion on the equivalent hole concept is contained in 
chapter 4. The keypoint to understand at this point is that 
the material placed above ground in the marked off box 
was the amount plus waste required to Fill the testhole. 
Figures 2.3 and 2.4% show the coarse aggregate filling 
Operation. The coarse aggregate was placed forming a 
trapezoid up to a depth of 5.e5 inches Capproximately equal 
to exact calculated depth of 5.3 inches). Figures 2.5 and 
e.6 show the measuring operation. The layer depth 


calculations for all layers are contained in chapter 4. 
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Figure 2.3 Partial Coarse Aggregate Placement 





Figure 2.4 Front End Loader Placing Coarse Aggregate 
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Figure @&.6 Measuring Coarse Aggregate Layer 
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The cement bags were spaced apart at e@ Ft 6 inches as 


shown in Figure @.7. The cement bag spacing calculations 
are covered in section 4.4%. The cement bags were opened and 
spread by hand. Small amounts of sand were simultaneously 


placed on top of the cement powder to prevent the wind from 
blowing away the cement powder. Figure @.8 shows the cement 


and sand placing operation at completion. 
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Figure ec.7 Cement Bag Placement 





Figure ©.8 Cement Powder Placement With Sand Cover 
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Place Fine aggregate (sand) layer wp to desired height. 


Pigure @€.9 shows sand leveling off cperation. 





Figure ¢€.9 Sand Leveling OFF and Measuring 


The soil stabilizer was then positioned at one end of 
the layers as shown in Figures @.9 & 2.10. The mixing 
action was accomplished by the mixing tines as shown in 


Pue@ine c.1i1. 
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Prgure c.l1@ Soil Stabilizer Placement 





Bigeecwee fis oe) Stabilizer flixing JTines 
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fae M1lix@egeeeeconmpletee in one passe Figure ¢.12 shows 


the soil stabilizer performing the mixing operation. 





Figure @.le Dry Mixing of Aggregate and Cement Powder 

A lip was formed around the mixed materials, as shown 
memeemeure ©¢.13, to retain the Following addition of mixing 
maler . 

The water is added by means of a spray bar connected to 
the watertruck as shown in Figure @.14%. The calculations 
For the flowrate of the water and the velocity of the truck 


are covered ina Following section in this chapter. 
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ey Field discovery and modification of the technique was 
the scoring of the surface of the layers. A scoring 
technique must be used to make grooves in the material 
perpendicular to the slope of existing ground. fhis will 
allow water to reach the lower depths of the mixed 
materials. Otherwise, the material becomes saturated near 
the top only before becoming impermeable due to water 
Surface tension causing tight adhesion between particles. 
This temporary impermeability will cause some mixing water 
to run off of the layers onto the Surrounding ground, as 
shown in Figure 2.15, thereby, leaving mixed material at 
lower depths completely dry. 

A deviation From the actual procedure used in the field 
will be recommended here. It is recommended that a 
motor-grader be used, before the First mixing, to windrow 
the edges of the layers back into the center of the layers. 
This is recommended because the edges are typically dry due 
to the necessary retention of water towards the center of 
the layers by the containment lip to prevent water run-off. 
Once the pooled water seeps into the lower center of the 
mixed material layer, the dry edges should be windrowed into 
the center to allow improved mixing by the soil stabilizer. 
During the Field test the wet material was mixed first and 
then the edges were windrowed in afterwards as shown in 
Figure 2.16. This necessitated an extra pass by the soil 
Stabilizer to mix in dry edges windrowed into the 


center. 
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Figure 2.16 Grader Windrowing Wet Material 
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The soil stabilizer was positioned and then run over 


Mie wet WindrOwed material as shown in Figures e@.17 @ @&.16. 
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Figure 2.18 Wet Mixing of Aggregate and Cement Powder 
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Tne motor-grader was used to blade the material into 
fememas Shown in Figures ©€.19 & 2@.ec0. This provided extra 


Meeerng DY windrowing the material in addition to 


transporting the material into the hole. 
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Figure 2.19 Grader Windrowing Wet Mixed Material 
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Figure @.cO Grader Windrowing Wet Mixed Material 
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Water was added to exceptionally dry areas by means of 
a hose as shown in Figure e@.el. Further discussion 
concerning permissible quantities of water that can be added 
by hose are discussed in following sections in this chepter. 
The addition of water was performed while the motor-grader 
was blading the material into the crater. 

The material was compacted by means of a smooth drum 
vibratory roller. Several passes were made over the 
material as shown in Figures e@.ee & 2@.e3. The total time of 
compaction was approximately 15 minutes. The material 
deformed slightly Cless than 1 inch) under vibratory 
Compaction as shown in Figure e@.e+t. Overall, the material 
exhibited very good stiffness. 

The material that remained above the desired elevation 
OF the slab was graded off using the motor-grader. 

One pass with the roller was made with no vibration to 


smooth out the Final Finish of slab. 
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Figure 2.21 Additional Water Placement 





Pidj@acmenmeem vi bcatore Roller and Entire Slab View 
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BeguCgenecrea Jibratocy Roller (Close-Up View) 
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e.c Water Application 


The calculations for the application of water to the 
dry mixed layers will be discussed in this section. The 
First step was the calculation of Flouwrate. 

= ae Determining Flowrate 

To determine the flowrate of the watertruck, the water 
truck was backed up to a trapezoidal container. Two 
trials of Filling the containers were performed. fae er ial 
1, the spray bar was placed over the container, the water 


was turned on and allowed to fill the container as shown in 


Figure 2@.eS. The water was turned off without moving the 
truck. In trial e@, the truck was driven off to discontinue 
water Flow into the container as shown in Figure e.e6&. The 


time required to Fill the container in each trial was 
measured and recorded. The volume of water in the filled 
container was calculated by measuring the depths as shown in 
Figure 2.27. The volume calculations are contained in 
Appendix A. 


The volumes of water and times were recorded for two 


trials. The average of the two volumes and times were used 
to calculate the flowrate. Table 2.1 shows the values 
recorded. 


Table 2.1 Water Volumes and Times 


Volume Time 


Trial #1 49.00 gal e5.40 sec 
Trial #2 50.78 gal 26.00 sec 
Average noes “gal eS.70 sec 
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Figure 2.ec7 Depth Measurement 
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The Flowrate was calculated by means of equation 2.1. 


Volume of Water 
aetties Ce ee 62.1) 


meoewcate = —--------- = 1 .So1. gal/sec 
25.70 sec 


If the watertruck will be emptied out by placing the 
water, then a change in head will occur as the tank empties 
This variance in head must be accounted for by recording the 
Flowrate at various heads within the watertruck tank and 
Calculating an average flowrate. If the variance is 
Significant then two or more averages may be required to 
keep the Flowrates within an acceptable margin of error. 
The watertruck level will then have to be watched to 
Getermine when Flowrates and therefore truck velocities 
need to changed. The allowable flowrate margin of error is 
discussed in the sensitivity analysis chapter in this 
report. The watertruck used in the test had a 1200 gal 
Capacity. Therefore, the water required was only a quarter 
OF the truck capacity thereby causing no significant change 
in Flowrate. 

anc. Determining Velocity 

Once the flowrate was obtained, the velocity of travel 
OF the truck could be calculated. The total quantity of 
water required was calculated based on the mix design and 
total volume of concrete mix to be created. 

Establishing parameters for the watertruck was the next 


step. The spray bar width was easily adjusted by sealing 
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See the small holes in the PVC pipe with tape as shown 

in Figure ¢c.eS. The width of the layers was determined 
based on the optimum mixing width of the soil stabilizer. 
Therefore, the water spray bar width was set to that optimum 
mixing width of S Feet. The spray Dar width must equal the 
least width or some multiple of the least width of the 
Seacter. 

The reason for using the least width criteria rather 
than average width was that the water would leach into the 
existing ground or run-off when passing over narrow portions 
of the crater. Therefore, the volume of water placed into 
the layers would be reduced. 

If there is a great variance in width due to irregular 
Craters or circular craters, then the use of an equivalent 
hole is recommended as discussed in chapter 4. Figures, 4.1 
& 4.3 show layouts of the equivalent hole concept on 
irregular or circular craters. The parameters discussed so 


Far are contained in Table ec.cec below. 


Table 2@.e Watertruck Parameters 
Speayer Width - S Ft 
Measure Least Width of Crater = 5 ft 


Crater Least Width/Spray Width = 1 Ft 


The required number of passes over the material is a 
Function of the crater least width to sprayer width ratio as 
shown above in Table 2@.e. When the ratio is one, the 


Pequired number of passes equals one. Another factor that 
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can affect the required number of passes is the low 

velocity required by the truck to allow enough time to place 

all of the required water. This was the situation that 

occurred during the field test. The required number of 

passes was set at 2 as shown in the following calculations. 
The parameters for the testhole are shown below 


in Table 2.3 below. 


Table 2.3 Testhole Parameters 
Single Pass Driving Distance = 9390.0 ft 
Total Driving Distance we [2/050 ard 


Volume of Water Needed =~ eSeca | 


The single pass driving distance was equal to the 
length of the laid out material. The number of passes was 
set at 2, therefore the total driving was equal to 180 Ft. 
fee Volume of water needed is listed in Table (4.4) at 1731 
lbs which was converted to gals. 
The watertruck velocity was calculated by means of 


Bemaction ¢.c. 


Flowrate 
@emeieeluek Velocity = ------------ * Total Driving Distance 
Water Volume 
Ge se 
1.941 gals/sec 
emer aGwck Velocity © --c-c----- +c tS OME Ge 
215 gals 


Watertruck Velocity = 1.625 ft/sec 
The total driving time was calculated by equation e.3. 
Total Driving Distance 
cee ky) eine Sm a a ee Cea 
Watertruck Velocity 
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feaea. Oriving Time = 111 sec 

The conversion to miles per hour ¢€1 MPH = 1.4%67 
Feet/sec) yields a speed that cannot realistically be driven 
by attemptin to read a speedometer as shown below. 

Watertruck Velocity = 1.110 mph 

If the number of passes had been left at 1, then the 

required watertruck speed would have been halved to 0.555 
mph which was too slow For the truck idle speed. Therefore, 
the slowness of the required velocity at one passage 
necessitated e passes to increase the watertruck velocity. 

Measuring a velocity of 1.11 mph by speedometer would 
eeeeer be difficult. Therefore, in order to spray the amount 
of water required with accuracy, the velocity was measured 
as discussed in the following section. 

one. Measuring Velocity 

The velocity of the watertruck was controlled by timing 
the watertrucks passage over the material. By keeping the 
watertruck’s passage to the required driving time, the truck 
velocity was controlled. Getting the exact required time of 
passage required a Few dry runs to allow the watertruck 
Operator to gauge the truck’s speed more accurately. Ihe 
actual rus were then timed by one person who talked to the 


Operator as he drove as was shown in Figure e.15. 


€3e) 





eect Foul Weather Procedure 

The onset of Foul weather presents obvious problems to 
the application of the proper amount of water to the 
material. The logic to overcome this problem depends cn the 
Current stage of construction when the Foul weather occurs. 

If the cement powder has not been placed, then there 
are two options: 

The First option is to place, mix, and compact the 
aggregate materials For immediate use as a well graded stone 
base coarse. Once the foul weather clears, a sample of the 
material should be removed and the natural moisture content 
CNNC) determined. The ASTIN microwave method will provide NMC 
information within 1 hour. The cement bags should then be 
placed and worked into the aggregate by a grader scarifier 
First to break-up the compacted maerial, and then by the 
SOil stabilizer to ensure thorough mixing. The remainder of 
the procedure is identical to normal placement of material 
as discussed in sections 2.1.e & e&.1.3. 

The second option is the same as option #1 with 
exceptions as follow: 

ie Once the onset of rain appears likely, a 
rain gauge Cpluviometer) should be set up to record the 
amount of rainfall. 

eo. Using the amount of rainfall per Square Foot 
obtained From the rain gauge, the amount of water Falling 
into the mixed material can be calculated. 


oe The mixed material CFine and coarse aggregate) 
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should placed into the hole but not be compacted. 

ae The cement bags should be spaced out, opened, 
and spread out. 

2a The cement should be spread by hand and then mixed 
into the aggregate with the soil stabilizer. 

Sin Using the rainfall/SF value and the surface area 
of the layers Cneglecting very minor additional area due to 
Sloped sides), the water added to the mix by rainfall should 
be calculated. The run-off of water from the surrounding 
pavement should be sealed off by placing small sand windrows 
on the upward slope slide of the layers. 

Ue The remainder of required water must be added by 
watertruck. During the Field test conducted, it would have 
taken approximately one inch of rain to add all of the 
required amount of water to the layers. The dry material 
had a tremendous requirement for water approximately equal 
to 1.5 gal of water per cubic foot of material. The one 
inch of rain calculation is based on one lineal Foot of the 
layers which was 5 ft wide and 8 inches thick which required 
S gallons of mixing water. 

oy The layers must then be mixed by the soil 
stabilizer and compacted by the vibratory roller. 

The time from the Final measurement of the rain gauge 
to the compaction of the slab is critical. Williams reported 
that material that has been compacted and has a grade 
allowing some degree of run-off experiences a very low rate 


OF absorption of water (9). Therefore, the effect of rain 
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Can be minimized greatly by expedient construction once the 
cement is laid down. 

If the cement powder has already been placed but 
water has not been added, then the procedure should be 
continued with the Following exceptions: 

ge Once the onset of rain appears likely, a 
rain gauge Cpluviometer) should be set up to record the 
amount of rainfall. 

Ce. Using the amount of rainfall per Square 
Foot obtained from the rain gauge, the amount of water 


Falling into the mixed material should be calculated. 


oy The remainder of required water must be added by 
watertruck. 

2 Compaction must be expedited as much as 
possible. 


If water and cement powder have been added 

before rainfall, then the construction must continue as 
normal except that compaction must be expedited as much as 
possible. 

ene. 5 Calcium Chloride Application 

The application of calcium chloride to accelerate 
Curing/strength gain can be done by attaching a small 
container to the water truck that dispenses calcium chloride 
in solution into the water coming out of the watertruck. 
Appendix B contains more information on calcium chloride 
application. Calcium chloride was not used in the Field 


test. 
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Dlisle leases. 
ieee STGN DEVELOPMENT 


3.1 Material Parameters 

The method under study for performing rapid runway 
repair involves the use of roller compacted concrete, 
therefore, a roller compacted concrete mix design was 


needed. 


=), 0 Mix Design and Moist Rodded Unit 
Weight Input Values 


The cement specific gravity and the aggregate 
types are given below: 
1) Cement = Tupe III Rapid Hardening, SG = 
S415 
2) Coarse Aggregate Type: Florida Limestone 
C#57 Stoned) 
a) Fine Aggregate Type: Polk Sand CPolk County 
Mine?) 
The parameters for the aggregates used in this 


project are listed below in Table 3.1. 
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Table 3.1 Aggregate Parameters 


Aggregates Fine Coarse 
eeecific Gravity CSSD) E65 Bago d 
Absorption, ~ OR Oc re bal ee 
Natural Moisture Content <~ ee S07 ey Ore 
Bei noaced Unit Wt., per N/A Slo: 5 (le) 
Moist Rodded Unit Wt., pcf BS." 5 97.40 
SesOltite Unit Wt. CSSD) pecf PSS). 26 diet te atlaes 
Fineness Modulus e2c0 N/A 
Aggregate Size Cinches) N/A O75 


The specific gravity CSSD) for the Fine aggregate, 
absorption percentages for both aggregates, dry rodded unit 
weight for coarse aggregate, Fineness modulus of fine 
aggregate, and aggregate size of coarse aggregate were 
Obtained via Charles Allen of Florida Mining Company €10)., 

The specific gravity CSSD) for the coarse aggregate was 
Obtained from Mr. Daniel Richardson, Civil Engineering 
Laboratory (11). Aggregate samples from material actually 
feeo iam the test were obtained for the natural moisture 
content (12), moist rodded unit weight, and angle of repose 
tests conducted in-house at the Civil Engineering 
Laboratory. 

3.1.1.1 Moist Rodded Unit Weight Test 
The moist rodded unit weights were obtained 
using the test procedure as follows: 


1) A 0.5 cf container which conforms to ASTIN Ceg 
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specifications was weighed and recorded. 

ce) The fine aggregate was placed and rodded in the 
O.S cf container in accordance with ASIN Cedg. 

i) The Filled container was weighed and a unit weight 
Crodded wnit weight) was obtained. 

aD The Filled container was then vibrated for 4 
minutes while being topped off to keep the volume 
Genstant. 

= The Filled container was weighed again and another 
unit weight Cvibrated unit weight) was obtained. 

6) Finally, the container was emptied and then filled 
again by pouring the Fine aggregate in without any 
rodding or vibration. The Filled container was weighed 
and a unit weight Cunrodded unit weight) was obtained. 
The exact same procedure was repeated for the coarse 


aggregate. 


one ras Sgt Moist Rodded Unit Weight 
Calculations 
Equation 3.1 was used to calculate the unit weight 
as shown below: 
Unit Weight = Sample Weight/Container Volume oe Pee) 
=v. LOS/O.o cee Oda 5.pcr 


Table 3.e lists the exact numbers obtained during 


these tests. 
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Table 3.2 Moist Rodded Unit Weight Test Results 


SRE OSM ROME SSS | caer UNRII OTE 


Fine Aggregate Unrodded Rodded Vibrated 
Sample Weight Clbs) les? oS eee, O10. EO 
Mimit Weight Cpefd 63.50 Bee 00 (enc 


Coarse Aggregate 
Sample Weight (lbs) ea ee) A =O. poe) 


Unit Weight Cpcf) 87 .BO 95.00 96.70 


The Final determination of the moist rodded unit 
weight For each aggregate was taken as the average of 
the unrodded and rodded unit weights for each 
aggregate. Therefore, the moist rodded unit weights 
For each aggregate were obtained in the same manner. 
Neglecting the vibrated unit weight and averaging the 
remaining rodded and unrodded unit weights was judged 
to be the value that would most closely simulate the 
dumping and raking action performed on the aggregate in 
the field test. The significant densification of 
the Fine aggregate was judged as not accurate since the 
vibration required to cause densification would not 
occur in the Field during actual aggregate placement. 
The above judgment on moist rodded unit weights is 
validated by calculation by showing that the void 
content’s calculated From the moist rodded unit weights 
Fall within acceptable ranges €13). This void content 


verification is shown in section 3.1.¢e€.1 which follows. 
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The reason for the significant increase in moist 
rodded unit weight For the Fine aggregate was sand 
bulking due to its moist state. The bulking was 
reduced during vibration which is why the Fine 
aggregate experienced such a significant change (16% 
increase) in density through vibration. The larger 
particles Ci.e. less surface area by weight than fine 
aggregate) of coarse aggregate are only minimally 
affected by bulking, therefore, no significant density 
occurs through vibration. 

The equation used For the moist rodded unit 
weights obtained by averaging the rodded and unrodded 
unit weights is shown in equation 3.e. 

MRUW = Moist Rodded Unit Weight 

RUW = Rodded Unit Weight 

UUW = Unrodded Unit Weight 

RUW + UUW 
ice ee — C372) 

For the Fine aggregate the exact calculation 

utilizing equation 3.e was as Follows. 


Be, COmpe& s+ 63.50 pct 


MRUW = ---------------------- =o, open 
2 
Bel. Analusis of Aggregate Parameters 


The calculations in this section are performed for two 
purposes: 
1) To verify by calculation the moist rodded unit 


weight numbers obtained through testing. 
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2) To show relationships between various aggregate 


parameters. 


The terms listed below in Table 3.3 are defined for 


h@eoemer Calculations. 


Ww 


NMC 


Wabw 


Abs 


Wa 


SoUoGb 


FA 


CA 


Gamma 


_W 


Table 3.3 Mix Design Variables 


Volume of Solids 

Volume of Water 

Volume of Voids 

Volume Total 

Void Ratio = VUv/Us 

Weight of Solids 

Weight of Water @ NMC 

Natural Moisture Content = Ww/Ws 
Weight of Absorbed Water 
Absorption = Wabw/wWs 

Wergme Of Rir =" 0 

Saturated Surface Dry Specific Gravity 
Fine Aggregate 

Coarse Aggregate 


= Unit Weight of Water 


The Following calculations center around the phase 


diagram concept commonly found in geotechnical engineering. 


Its adaptation to use with aggregate parameters provided the 


required mathematical and conceptual model to check the 


accuracy Of aggregate parameters. The schematic of a phase 


diagram is shown below in figure 3.1. 


So EO. 












Uw = Value Ww = Value 
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Va = Value wa =" 
> cote cne eens, 
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Us = Value Ws = Value 


Figure 3.1 Phase Diagram Relationships (14) 


Sl ani arog t Verifuing Moist Rodded Unit 
Weight 





The calculations to verify the moist rodded 
unit weights began by calculating the weight of solids 
CWs), volume of solids (Us) and Finally the void 
content that must exist in the moist rodded unit weight 
value. The void content that is calculated is then 


checked to ensure it Falls within established standards 


Cols? ir 

Ws + Ww 

MRUW ee i ia i a a es C33) 

Ut 

Ww = NMCCUs) C3.t) 
Ws + NMNCCWs) 

MRUwW me a aaa nw er C4. 5) 

Ut 

WsC1 + NMC) 

MRUW sm mm nn sr snes ee Go 60 


Rearranging equation 3.6 yielded equation 3.7. 


UtcMRUW) 
US CSD 
CaN IE 2 
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Utilizing equation 3.7 with an assumed total volume 
CUtdI of 1 cf, the Fine aggregate calculation was as 
Pollows. 

Assumed: Vt = 11.00 cf 
Given: NMCFA = 2.390% Cre) 
peete= 85,75 pck 


1.00 cf(85.75 pcf) 


WsFA = Boess lbs 
Similarly the weight of solids for the coarse 
aggregate CWsCA) equaled 89.00 1bs. Continuing on with 
the Fine aggregate brings on the volume of solid 
Calculation CVUsFa). Equation 3.8 details the saturated 
surface dry specific gravity relationship to the volume 
oF solids (Us). 
Wabw + Ws WsCi + ABS) 
eo — —— = = S5°-- S32.) =aeee C333 
Us * Gamma_W Us * Gamma _W 
Rearranging equation 3.8 yields equation 3.9 which 
was used to calculate the volume of solids. 
WsC1l + Abs) 
oie ——————— C330 
SSDSG * Gamma_W 
Gas .bscl + 0,007) 
Broo Coens er) 
VSPn = Omol cr 


Similarly, the volume of solids for the coarse 


aggregate CUsCA) equals O.65 cf. 
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Calculating the volume of the voids for both 

aggregates is done by equation 3.10. 
Uy = Ut - Us Gan:0 

Therefore the volume of voids calculation for the 
Fine aggregate was as Follows. 

Vee O ol = O.49 cf 

Similarly, the volume of voids for the coarse 
aggregate equaled 0.35 cf. The void content values 
CUVFA & UvCA) Fell within expected ranges of 30 - 4S% 
For coarse aggregates and 40 - SOx For fine aggregates 
el) . 

Sele C..c Moist Rodded Unit Weight Ranges 

Working backwards through equations ¢3.10, 
Seo ama 3.7) at the void ratio ranges of 30 - 35% for 
the coarse aggregates and 40 - SO% For the Fine 
aggregates, yields moist rodded unit weight ranges of 
38.0 - 77.0 pef For the coarse aggregate and 
101.4 ~- B4.S5 pcef For the Fine aggregate. 

Seas | Yoid Ratios 

The void ratios Ce) were calculated using 
equation ¢€3.11). 

Uy 
a Cae) 
Us 

The values calculated for the fine and coarse 
aggregates Ane listed below. 

Voteereacia (FA) = O.97 


Joangeratea CCAD = O,53 
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3 Aggregate Parameter Ranges 


The ranges obtained from the Florida Mining 


Company €18) for absorption and the fineness modulus 


are listed below in Table 3.4. 


Table 3.4% Aggregate Parameter Ranges 


Aggregates Fine Coarse 
High Low High Low 
Absorption, ~% On/ 1% 0) Wehspo5 =) 5 s\ere Soe. 
Fineness Modulus at rat 


Weer rroportioning of Mix Design 


eee . 1 Calculating Proportions by Absolute 
Volume in Mix 


The mix design Follows the Maximum Density Approach set 
Benen im the ACI Code (19). 
Step (1) 
set air-free volume of paste to air-free volume of 
mortar CPv) equal to suitable value for interior mass mix in 
SecOorgance with ACI Code (eo). 
Ev Sa). C- 
seep (2) 
Select fFlyash/cement CF/C) and water/Ccement + Flyash) 
May eCtP)) VOLUME ratios from ACI Code Cel). 
AO a ON er 
Volume W/CC+F) = MSs oe 8 RA 
Seep (3) 


Select volume of coarse aggregate (VUca) by selection 


Cio 





From ACI Code Cee) by equating #57 approximately equal to 
3/4” maximum size aggregate (23). 
JVeai=e1S 707 
Seep Ct) 
Calculate the volume of air-free mortar per cubic yard 


CUm) assuming ex entrapped air (CVa)d C24) using equation 


mj,ic). 

Va = 2.0% 

Une= Cvs scl — Va) - Vea Cagle J 

Union 2a 
where: 
Cy = the unit volume of concrete = 1 cy 
aac / Ch 

Seep (5) 


Calculate the air-free paste volume CVUp), using the 
selected paste volume ratio CPv) of Step (1) and equation 
mo, ild). 

Up = Um * Py Cai a 
Uae 18.5% 
Seep (6) 

Determine the Fine aggregate volume CVUFa) using 
meacion €3.14). 

Upa & Um “e61 - Pv? e374) 
OE ae = a0, 4 
Step (7) 


Determine the trial water volume CVw) with equation 


Woo lwmee 9 CW/ CE+F 0/7 CAFUCE+P ) I Ga,.15) 
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Oi = eis 


Seep C8) 
Determine cement volume (Vc) with equation 3.16. 
CGweeViy Gace tr I Cl+r/E 2 Ca 162 
ys a Faas Pe 


See .c Converting Absolute Volumes to 
Saturated Surface Dry Weights 


The weight of aggregate required ina saturated 
surface dry condition CWSSDFA) is calculated by equation 
ory, 3.18. 

WSSD = WsC1 + Abs) = Us * SSDSG * Gamma_W 
(3.4%) 

Us = UFa or VUca €% Volume of aggregate/cy 

ae nese) 

WSstesels/7 100" * 27 cacy * SSDSG * Gamma_W 
C3.18) 

WSS. 1/@G) ~@c7 Ch/ey * &.65*6e.tpcf 

WSSDFA = 1356 lbs 

Similarly, the weight of coarse aggregate in a 
saturated surface dry condition CWSSDCA) equals 1907 lbs. 

The weight of mixing water required CWmuwr) For 
aggregates at a SSD condition is calculated by equation 
olS. 

Volume of Water = Vw/100 = 11.3%/100 
=) er set 
Wmur = Uw/100 * Gamma_W Gaels) 
Owes Cue a7,eer/ecule voc .%4 pcr 
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Wmwe = 190.2 lbs 


The weight of cement CWc) is calculated by @quation 
Seco. 
SGE ewe SpecifFic gravity of portland cement 
telaereia f. 
Jem= Ve, 100 “= 27 ch7ey = SEE * Gamma_W 
Sa OR, 
Sees OO See “ 30>" be. 


Weoewt 389 lbs 


are. 3 Converting Saturated Surface Dry 
Weights to Natural Moisture Content 
Weights 
The first step is to calculate the water added to the 
mix by the aggregates. This requires calculating the dry 
weight of the aggregate (Ws). Ws is calculated by 
rearranging equation 3.9 into equation 3.21. 
WsC1 + ADS) 
eS = SS = = = SS =— — — — OS eB. 
SSDSG * Gamma_W 


Us * e7cf/cy * SSDSG * Gamma_W 


Us = Ufa or VUca 
Creer e/, Ceveterwe .65 * be.4 pcf 
Ci ©.007) 
WSFA = 1347 lbs 
Similarly, the dry weight of coarse aggregate CWsCA) 


equals 1804 lbs. 
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The weight of mixing water contributed by aggregates 
Summed) 1S Calculated by equation 3.ec. 
Wmwea = Wsi * CNMNCi - ABS1) C3. ) 
Coarse: 
Teor tse One7e— 7057) == =—54.3 lbs 
Fine Agg: 
Paces * C(O. 0e9 — 0.007) =* 2€9.6 lbs 
ymca." >-et./7 lbs 
The weight of adjusted mixing water required CWamwr) is 
Seveculated by equation 3.e3. 
Wamwr = Wmwr - Wmwca Go..c 3) 
~Toemew ss = €-en./7 bs) 
= cli.o !5S 
The weight of aggregates at natural moisture content 
CWNMNC) is calculated by equation 3.c4. 
ws" Cie Nie = WNRE C322) 
Coarse Agg CWNMNCCAD 
PEO las * 18027 =b185231bs 
Fine Agg CWNMCFAD 
fons *o1.0e9 = 13665 15s 
The weight of portland cement emains the same when 
going From SSD conditions to NMC conditions. Table 3.5 lists 
weights and weight percentages of ingredients after moisture 
adjustment at NMC. These are the amounts actually put in 


Place per cubic yard of mix. Moisture adjustment means the 
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amounts are adjusted for moisture pre-exsting or lacking in 
the aggregates. The relationship between SSD weights 


and NNC weights can be seen as the numbers are listed side 


by side. 
Table 3.5 Actual Mix Design Summary (C1 Cy) 
Theoretical Actual 
Weight Weight Weight 
f@ SSD @ NNC @ NNC 
Slump Cinches) OME OES a) 0.0 in N/A 
Air Content ~% See Bee N/A 
Water 19OR 2-15 el es Sas Ee 5.04 
Cement S8oeeO. 1 S690 25 1 Ore Ize 
Coarse Aggregate 1907 lb leSae!b5 eee 
Fine Aggregate f35e ep 1LS(S| Sys, BSG Ie 
Totals S675 5b Sis as) he 100.0% 
Unit Weight Pe 7s) Per ioe o 3 per N/A 


Table 3.6 lists the absolute volumes, SSD weights 
CWSSD), Ory weights CWs), weight percentages, and dry 
vOlumes (Us). Table 3.6 is provided for convenient 


referencing. 


C50) 





Table 3.6 Volumes and Weights of Ingredients. 


Absolute WSs Ws CDRY) DRY Us 

Volumes Weights Weights Weight * VolCcF) 
Water = livs2 AS | @ a 30276 yan 30 
Cement = V aes BES" .0 eps! 6) ILO) 5 Ihe? ee) 
Coarse = no. Oem oO/.O Hoon. o po) 12.2 
Air = enor 62.0 OF 8) Ona OS 
Fine = Oh. soe. t hat 7 30 S)3)5 1526 Bie 
Sums = 100.0% 38ite .7 38ite .7 toa 2 27720 

Sums east. Cwater shifts) 
Brec .'t Calculating the Water/Cement CW/C) 


Ratio and Moisture Content of Mix 

The water to cement ratio CW/C) is calculated bBy 
equation 3.c5S. 

WWE Se (BESPS Hal“ [Bye C25) 
U7 bea eOne lhs7369.0 Ibs 
U7 28, 89% 

The overall moisture content of the mix should be 
approximately 5% C+/- .3%) For the mix to ensure adequate 
stiffness. That translates to 180 to e00 lbs of mixing 
water for a mix design with unit weight From 140 - 145 pcf 


feo). 
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The moisture content of the mix CMCM) is calculated by 
Seeecion C3.ce). 
Santa ese inat weight of mix = 1l4e.3 pcf 
Men =sWSsel7te/ * Gamma_M) Ca4ce. 
eM AeooOelc lis/Ce7 * 142.3) 


CMa Ss . 957 


(See 





imi FER Ft 
LAYER THICKNESS CALCULATION 


fa 6hlDmntbroduction 

This chapters illustrates the procedure for converting 
weights to pre-mix volumes which takes into account the 
bulking of materials that are ina partially saturated 
condition. This is required since material in the field 
Will very rarely be oven-dry nor 100% saturated. The 
determination of the general shape of the crater to be 
repaired is discussed followed by the conversion from 
pre-mix volumes to layer thicknesses. 

It is very important at this point to undestand 
how the materials will be handled to create the concrete mix 
that forms the slab. The coarse aggregate required will 
First be placed upon the ground as a homogeneous layer. The 
cement powder bags will then be placed, opened, and emptied. 
The cement will then be spread forming a thin layer on top 
of the coarse aggregate. The sand will then be placed on 
top of the cement layer forming a homogeneous sand layer. 
The layers will then be mixed using a large rotor tiller 
such as is commonly used in soil stabilization. For more 
detailed construction information, refer back to Chapter two 
Ge this report. 

The discussion of the type of crater includes the 
discussion of the equivalent hole concept (26). The 
equivalent hole concept involves all of slab material 
Caggregates and cement) required for the crater to be placed 
in layers that do not completely fill the crater or are 
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Outside of the crater. The dimensions of the layers can 
vary from the dimensions of the actual crater, as long as 
the total volume of material in the layers (i.e. equivalent 
hole) equals the volume of material required to make the 
Slab in the crater. The procedure is detailed below to 
provide more clarity about this concept. 

The equivalent hole concept begins by determining the 
vOlume of actual crater to be filled. The depth of the 
crater to be Filled with concrete was set to 10 inches. 
Therefore, only the top surface area of the crater will 
affect the volume calculation. Once the volume of material 
For the actual crater is calculated, it is used to calculate 
dimensions of the equivalent hole. Two dimensions are 
arbitrarily set, the third dimension is then calculated so 
that the equivalent hole volume equals the actual crater 
vOlume. For example, if the equivalent hole depth is 
arbitrarily set at 6 ins and the equivalent hole width is 
arbitrarily set at 5 ft., then the equivalent hole length is 
Calculated to allow the equivalent hole volume to equal the 
actual crater volume. The material will have to be moved 
into place in the actual crater by motor graders and/or 


Front end loaders. 


H.C Converting NMC Weight Proportions to Pre-mix 
Volumes 


The aggregates will be proportioned in the Field based 
on pre-mix volumes. The moist rodded unit weights CNRUW) 


were obtained using the aggregates at their NMC. Having the 
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mix proportions by weight at NMC, allows the conversion to 
pre-mix volumes CPMNU) using the MRUW. The conversion is 
shown by equation 4.1. 

Pee WUNKE * J7hRUW * 0.037 cu/cf Ck 


The calculation for the coarse aggregate is shown 


below. 
Beeen aeibSo tbs * OeOl1094 cf/lbs * 0.037 cy/cf 
=e ol Cu 
Omer vc mix mmc. Ch /CY mix 
Similarly, the pre-mix volume of Fine aggregate 
CPNUFA) equals 0.599 cy/cy mix. 


The pre-mix volume of water CPMNVUW) is shown Dy equation 


Wamwr = weight of adjusted mixing water 
required 
PMUW = Wamwr/Gamma_wW Cee 
Sect. 1pS/ece.% pck 
= —Oelee cCuvct mix 
The pre-mix volume of cement CPMNUC) is calculated by 
equation 4.3. 
BNUE = VUc7 1O0gse1.3 Gro) 
= 7.42100 * 1.3 
= O,OSSecu/Ccy mix 
The 1.3 Factor takes into account the FluffFing up of 
the powder due to opening bags and placing Ci.e. voids 
between cement particles). The amount of cement placed is 


measured by weight converted into a number of S34 1b bags. 
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The pre-mix volume of cement is only required to allow an 
accurate measure of the combined height of the Fine, coarse, 


and cement layers. 


4,3 Converting Pre-mix Volumes to Layer Thicknesses 


fae. Calculating Crater Tupe and Size 


The first requirement is to identify the general shape 
of the crater. Most craters will Fall into a circular or 
rectangular shape. A section is devoted to irregular crater 
shapes. The slab depth is independent of the crater size. 
The slab depth may be set to the existing slab depth plus 
One or two inches to provide a safety margin against running 
short of material. 

7 oho ae Circular Crater Parameters 
For a circular crater with a surrounding slab 

depth of 8 inches, the replacement slab is set at 10 

inches as detailed in the example set of parameters 


below in Table 4.1 for a circular crater. 


Table %.1 Circular Crater Parameters 


Siab Depth. = 10 in 
Diameter =O nt 
Area = ea sor 


Slab Volume = 38.8 Cy 


The slab volume can be converted to an equivalent 
hole that can be placed within the crater. See Figure 
C4.1) For an illustration. The water application will 
be discussed in detail ina later chapter, however, for 
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now it is essential to know whether the water spray bar 
width can be adjusted or not. If the water spray bar 
width cannot be adjusted then the equivalent width of 
the crater should be set as some multiple of the 
watertruck spray bar width. This will prevent 
Overlapping water during the water application phase. 
Therefore, assuming a spray bar width of 10 Ft, the 
Slab width could be set at 2O Ft. If the spray bar 
width is adjustable, then the equivalent width should 
be set as some multiple of the optimum width for 
mixing by the mixer. The optimum width for the mixer 
is the largest width the mixer can thoroughly mix on 
one pass. 

Since the crater is circular, the equivalent 
length can be set as the diameter realizing that the 
length will slightly shorter on sides away From the 
Center Csee Figure 4.12. The minimum of one inch of 
extra slab thickness provides For at least 10% extra 
material (€1 inch/S3 inches = 11%, 1 inch/®8 inches = 
12.5%) which will ensure enough material is placed to 
compensate for this slight shortening. Obviously, the 
extra two inches selected will provide for even more 
excess material. The slight shortening will typically 
Cause less than a 5% decrease in volume. See Figure 
4.e For more detail on the volume reduction due to 


shortening. 
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The Equivalent Width (W) is equal to two Spray Bar Widths 


The Equivalent Length (L) is the Diameter 


Figure 4.1 Circular Crater Equivalent Hole 
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The equivalent width and depth are shown in 


Table 4.2 below. 


Table %.e Volume Reduction for Equivalent Hole 


Equiv. Width = 20 Ft 


Fquiv. Len. = 40 ft 


The equivalent depth is calculated by equation 


oJlab Velume. eu) * €7 ck/cy 
De Cpe ds Ct) So aaa 
EQUIV Wie. (Pe meeteouivy., Len. C&t) 
Gott 2 
The equivalent depth will be greater than the 
actual slab depth. If the equivalent slab depth is 
thicker than can mixed by the mixer, than the 
equivalent length should be increased until the 
equivalent depth reaches a thickness that can be 


mixed. Use equation 4.4% to calculate the new 


equivalent depth. 
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SL 


SL = Shortened 


Length 
Known; W/2, R W/2 
Find; Area 1 
Solution: 
Calculate ¢; Sin © = (W/2)/R Solve for ¢ 
Calculate SL; Cos § = SL/R Solve for SL 
Calculate Area 4; Area 4 = (W/2) * R Solve for Area 4 
Calculate Area 3; Area 3 = pi * R* * (6/360) Solve for 
Calculate Area 2; Area 2 = 1/2 * SL * W/2 ee Area 2 
Calculate Area 1; Area 4 = Area 1 + Area 2 + Area 3 Solve 

Area 1 


Note; On a perfect circle, Area 1/Area 4% less than 5% normally 
Figure 4.2 Volume Reduction For Equivalent Hole 
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oe Se ee Rectangular Crater Parameters 


A crater may come closer to resembling a 
rectangular crater rather than a circular one. 

In that event, the actual crater volume must be 
Calculated by breaking the crater area down into 
smaller geometric shapes, calculating the areas of the 
individual geometric shapes and summing the areas to 
abtain the total crater area. The crater area can then 
be multiplied by 

The 10 inch slab thickness to obtain the crater 
volume. 

The crater volume can then be used to obtain 
equivalent parameters. The use of an equivalent hole 
Can be accomplished by setting the equivalent width 
equal to a multiple of the spray bar width. The 
equivalent length can be set as the longest straight 
run through the hole. See Figure (4.3) for more detail 
on the equivalent parameters. The equivalent depth can 


then be calculated using equation 4¢t.4 above. 
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Water Spray Path 


Equivalent Width 
Equivalent Length 


Figure 4.3 Rectangular Crater Equivalent Hole 





ee Irregular Crater Parameters 
If the crater 1S very irregular in shape, the 


Crater volume can still be calculated by breaking down 
the crater into smaller geometric shapes. The 
equivalent hole concept can then be used to determine 
the dimensions of an equivalent hole. IF placement of 
the layers within the hole is difFicult, then the 
material may be placed in layers in an equivalent hole 


outside of the actual crater. 


oy ee Ll External Equivalent Hole 
Parameters 


The Field test conducted to test this rapid runway 
repair method made use of the external equivalent hole 
concept discussed in this section. The use of an 
equivalent hole completely outside of the crater has 
benefits and disadvantages over placing the material 
directly in the hole. 

A key difference between this method and regular 
soil stabilization is that in normal soil stabilization 
Operations the mixer can only reach down to a maximum 
depth of between 6&6 - ie inches before mixing becomes 
poor. The equivalent hole concept involves all of the 
material being laid above ground on existing pavement. 
Thick layers would be screeded off by the tractor 
underbelly as the tractor towed the mixer behind it. 
The screeding off should be limited to e - 3 inches or 
else the tractor may experience difficulty traveling 


Over the material. The potential difficulties being 
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Material Falling into the engine compartment through 
the Front grill of the tractor and uplift by material 
being Forced underneath the tractor causing the tractor 
to lose traction. Therefore, the combined layer 
thicknesses before mixing should only be e - 3 inches 
above minimum ground clearance of the tractor towing 
the mixer. Th minimum ground clearance is usually 
approximately le inches ¢27). By placing the material 
outside of the hole and onto the existing pavement, the 
use Of a level bottom surface canbe taken advantage of 
to measure the layer heights. 

The principal disadvantage is that the material 
must be moved Farther to get it into the crater. 
Further discussion on advantages and disadvantages of 
the equivalent hole will be discussed in later 
chapters. 

The sequence of steps is the same as for 
determining an equivalent hole within a crater. The 
actual crater volume is deterined based on the actual 
Crater ’s dimensions. 

The Field test conducted to test this runway 
repair method used this external equivalent hole 
concept. The actual test crater was a 9 Ft * 30 Ft * B 
inch rectangular crater. The depth was increased by e 
inches to ensure enough material and provide for some 
extra material to Fil small extraneous holes nearby 


the test hole. 
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Therefore the actual crater dimensions For the 
test were set at 9 Ft * 30 Ft * 10 inches yielding an 
actual crater volume of 8.33 cy. 

The water spreading width could easily be 
adjusted to any width thereby eliminating the need to 
set the equivalent width as a multiple of the water 
spray bar width. Therefore, the equivalent width was 
set based on the maximum width the mixer could 
thoroughly mix. The maximum width was determined to be 

S Ft to ensure excellent mixing of the aggregate and 
cement layers. The depth was arbitrarily set at 6 
inches. Therefore, by switching sides of the 
equivalent depth and length terms in equation (4.4), 
the equivalent length was calculated to be SO ft. 
Table 4.3 below summarizes the actual and equivalent 


parameters of the test hole. 


Table 4.3 Actual and Equivalent Parameters of 


TestHole 
Actual Equivalent 
Depth Oia Sion 
Width =) ge Sf 
Length BO ft SOme t 
Volume Bee cu B.omey 


Once the actual volume of the crater was 
determined, the total quantities of material required 


could be calculated by multiplying the values required 
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Bon. CU Of mix by the total volume of 8.3 cy. 
Therefore the values of Table 3.6 are reproduced and 
increased by 8.3 to show a summary of total material 


required by weight to Fill the testhole. 


Table 4.4% Actual Mix Design Summary C€1 cy & B.3 


LD. 
Actual Actual 
Weight Weight 
eC NMC © NMC 
CT ecu» Cesc ) 
Slump Cinches) 0.0 in 7 
aoe COMncent ~ C% 
Water ag lige gore) aa @. iat 15 
Cement SBS.0 1b geae tb 
Coarse Aggregate TBS3..1 65 io. tt Gamelil 
Fine Aggregate S625 i oO. 
Totals Else le. ae, G25 15 
Unit Weight ieee (loge 7 ole slag 
2a Calculating Pre-Mix Lauer Ihicknesses 


Once the dimensions of the crater to be filled 
were determined, the layer thicknesses were 
Calculated. The layer thicknesses were based on the 
equivalent dimensions. If equivalent dimensions had 
not been calculated Ci.e. no equivalent hole was used), then 
the actual dimensions would have been used. 

The steps for calculating layer thickness were as 
Follows: 

ilsg The volume of 1 cy Ce7 cf) was divided by the 
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equivalent depth, thereby determining the surface area 
covered by 1 cy of mix. Equation 4.S below was used to 
perform the calculation. 
Saas, er /Pamavalentepepthn * lesam/Fe  C4.5) 
Using equation 4.S the area was calculated. 
Area = e7 cf/6 inches * le inches/ft 
Area = S4 SF 
a The pre-mix volume CPMNVU) was converted From cy to 
cF, divided by the surface area and multiplied by ie 
to obtain the pre-mix layer thickness CPMLT) in inches. 
Fquation 4.6 below was used to perform the calculation. 
meer * 27 ck/cy * t/Area * le in/fFte C4.6) 
Using equation 4.6, the pre-mix layer thickness for the 
Coarse aggregate CPMLTICA) was as follows. 
meee Ory sl Cll = £7 Ce/cu * t7st Sr * ie in/ft 
RL ICA ¢ 4.5 ins 
Similarly the Fine aggregate and cement powder 
thicknesses were 3.6 ins and O.6 ins respectively. 
ere | Angle of Repose 
As discussed the material was laid down in homogeneous 
layers and then blended together by a soil stabilizer. 
Since there was no containment along the sides, each layer 
Formed a trapezoid. The grades of the sides of the 
trapezoidal layers are commonly referred to as angles of 
repose in geotechnical engineering Ces). 
The angles of repose for the coarse aggregate and Fine 
aggregate were measured based on techniques shown in Holtz 


C67) 


OS 





C23). Table *.S contains the angles of repose for the 


Smocegaces. 


Table 4.S Angles of Repose 


Material Angle 
Coarse Aggregate 30 degrees 


Fine Aggregate 393 degrees * 


* High angle value due to bulking of moist sand. 


ee, Calculating Angle of Repose Layer 
Thicknesses 


When the equivalent dimensions were calculated from the 
crater volume, the assumption was that the layers would form 
a rectangular box. The key concept is that the bottom of 
the bottom layer width equaled the equivalent width Ci.e. at 
O inches height, the width equaled S Ft), nowever, the layer 
width decreased ¢€i.e. width < 5S Ft) as the layer height 
increased Ci.e. height > O inches, moving up the trapezoid). 
Therefore, in order to maintain the same volume one of the 
other dimensions must be increased. The length was 
arbitrarily selected to remain constant, therefore, the 
layers depths were increased. 

Since the length was 90 Ft and the width was only 5 Ft, 
the depth increase due to the trapezoidal sides was 
considered significant. The depth increase due to the 
trapezoidal ends was considered insignificant due to the 
short end lengths which were over an order of magnitude less 
Sie@estde lemgtns: S Ft < SO FE < SOFt. 
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The angle of repose layer thicknesses were calculated 
in the order of coarse aggregate on hottom, cement, and then 
Fine aggregate on top. Figure €4.4) shows the order of 
placement of aggregates. 

/ Fine Aggregate \ 
[oe 
/ Cement ‘ 
fOr 
/ Coarse Aggregate ‘ 
I i 
Figure C4.4%) 


The Following terms are defined in Table 4.6 for use 


with angle of repose layer thickness equations. 


Table 4.6 Angle of Repose Variable Definitions 


CA Coarse Aggregate 


FA Fine Aggregate 
ARLT = Angle of Repose Layer Thickness 
PMLT = Pre-Mix Layer Thickness 
CraWidth = Equivalent Width 

= Width of Wottom Layer 


RedCraWid= Reduced Top of Coarse Layer Width 


The basic relationship is that the assumed rectangular 
volume must equal the actual trapezoidal volume as detailed 
in equation 4.7. 


CraWidth * PMLTCA CraWidth + RedCrawWid ARLTCA 
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fae following Gaquetions are provided te illustrate the 
derivation to obtain the Final quadratic equation for angle 
of repose layer thicknesses CARLTs). 
ARLTCA 
ae a =A Creauvidth - ¢ * ----=--------- Coys. 
TantARCA) * le 
Seestituiting equation 4.8 into the right half only of 
equation 4.7 For RedCraWid is detailed below. 


Meee cawidth -— ec * ARLICA/CTanCARCA)D * 123 ARLTCA 


The above right half of equation 4.7 simplifies as 
Shown below. 
ARLTCA ARLTCA 
BaeieGiei)) == == =—=-———— cin agai 
le TancCARCA)D ie 
Combining the above simplified right half of equation 
4.7/7 back with the left half yields the Following. 
EraWwidth * PMLICA CraWidth * ARLTICA CARLTCAIC 
ike de TanCARCA) *144 
Further simplification yields equation 4.9 as a 
quadratic expression detailed below. 
- CARLTCAIe 
SSS Se eee + ARLTCACCraWidth) - PNLTICACCrawidth) 
PancARCA) * le 
Coca) 


For the coarse aggregate the a, b, c terms are detailed 


below in Table 4.7. 





Table 4.7 Coarse Aggregate Quadratic Terms 


ome 1 / CtCanCAREA*1e>) 
mom Crawidth CFt) 


ees -PriLICACErawidth) PMNLTCA in inches 


The values calculated for a, b, c and the roots are 


detailed below in Table 4.8. 


Table 4.8 Coarse Aggregate Quadratic Terms and 
Root Values 


a See eked ot Sot 
b eS =. OOOO 
e wh Serer 218) 818/E, 
Root#1 = Seoe Am 


Rogthte = c93.33 in 


The correct root is root #1 with the angle of repose 
layer thickness for coarse aggregate CARLTCA) equal to 5.32 
inches which presents a slight increase from the pre-mix 
layer thickness for coarse aggregate CPMNLICA) of 4.5 inches. 
Root #2 is obviously far above 4.S inches and therefore 
could not possibly be correct. The quadratic will routinely 


work out with one reasonable and one unreasonable value. 
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The Fine aggregate general equation is detailed below 
meapeguation 4.10. 


CraWidth + PMLTFA TopFAWid + RedCraWid ARLIFA 


on OG) 
Where; RedCraWid = Reduced Top of Coarse Layer 
Width CSame as above in 
coarse) 
TopFAWid = Reduced Top of Fine Layer 
Wetfalre) a! 

The RedCraWid value remains the same as detailed using 
equation 4.8. The top of the Fine aggregate layer width 
CTopFAWid) was calculated as detailed below in equation 
eo 

e * CARLTFA)D 
eae nwid = RedircaWvid - -------------- Crit) 
TanCARFA) * le 

Substituting equation 4.11 into equation 4.10 yields 
equation %4.1le which is a quadratic expressicn for 
calculating the angle of repose layer thickness for the fine 
aggregate CARLTIFA). Two intermediate algebraic steps have 
been omitted for brevity. 

- CARLTFAIC 
<<. --77 + RedCraWidCARLTFA) - PMNLTFACCrawidth) 
TanCARFA) * le 
Cole) 
For the Fine aggregate the a, b, c terms are detailed 


below in Table 4.9. 





are 


Table 4.93 Fine Aggregate Quadratic Terms 


-1/CtanCARFA)*12) 
RedCraWid = Top of coarse layer width CFft) 


~PMLTFACCrawidth) PMLTIFA in inches 


The values calculated for a, b, c and the roots 


detailed below in Table 4.10. 
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Table 4.10 Fine Aggregate Quadratic Terms and 
Root Values 


a = -0.10¢e91 


b = SlRgielele,S) 


ce -17, 03008 


Root #1 ep ply iia 


Root #2 = e7.ce9 in 


Sern reliant ie A Se 


The correct root is root #1 with the angle of repose 
layer thickness for the fine aggregate CARLTFA) equal to 
6.41 inches which presents an increase from the pre-mix 
layer thickness for the Fine aggregate CPMLIFA) of 3.6 
inches. The narrowing of the base layer of coarse aggregate 
underneath the fine aggregate magnifies the angle of repose 
effect. 

The angle of repose effect is neglected for the 
cement layer due to the thinness of the cement layer at O.6 
inches. Table 4.11 contains a listing of pre-mix volumes 
CPNUsS), pre-mix layer thicknesses and angle of repose layer 


thicknesses: 





Table 4.11 Layer Thicknesses 


PMU 
Ccy) 


Coarse Aggregate * O27 5 1 


Cement G7095 
Fine Aggregate * O59 
Water Geile 


Total Pre-Mix Thickness = 
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Water layer does not add to pre-mix thickness. 


4.4 Calculating Spacing of Cement Bags 


The following data is provided in Table 4.1e for 


Calculations in this section. 


Table 4.1i1e Cement Powder Data 


One bag cement = S34 1bs (lbs cement/bag) 


Cement/Cy mix = 389 lbs (€lbs Cement/Cy mix) 


flieemix/one bag = O.ec4e cy 


Fquiv. Depth =eOl, SOO ft 


ye Sa ae eg 


Type III high early strength cement was used which 


comes in S34 1b bags. The amount of cement per cy of mix is 


Calculated in Section 3.c. 


ime cubve Guards of mix Clu mix) 


per bag of Cement was calculated by dividing the weight of 


one bag of cement (S4 lbs) by the total weight of cement in 


One cubic yard of concrete (C389 lbs). 


The equivalent depth 


was determined to be 6 inches or O.5 ft in section 4.3.1.4 


as shown in Table 4.3 of section 4.3.1.4. 





The area that 1 cy of concrete will cover at a depth of 
G inches equals St SF. The amount of square footage that 
one bag of cement provides is detailed by equations 4.13 & 
oi, 

Memeacea = 1 cy * e@7ef/ey/0.5 Ft Cowes 

Cy Area = S4 SF 

Meneeeereeca “o2 SF/cy * O.cte Cu mix/bag (4.143 

1 Bag Area = 13.1 SF 

The equivalent width was calculated at S Ft, therefore 
the bag spacing was calculated by equation 4.15. 

Bag Spacing = 1 Bag Area/Equiv Width (feo) 

Baeeopecing *“}c.6e Ft 

The bag spacing was reduced to @.S Ft For convenience 
of placement in the Field. Table 4.13 Summarizes the above 


calculations. 


Table 4.13 Cement Bag Spacing 


Ratio Area SF 1 (GE ED Feet & inches 


One Bag Sie anon aa 8. e 5 


4.5 Volume Reduction Percentages 

The excess thickness before mixing and water addition 
is due to voids in the aggregate. After mixing and 
Bempaction the thickness will be the desired depth. By 
measuring test specimens in laboratory testing before and 
after mixing the aggregates, the volume reduction percentage 


due to mixing alone could be calculated. Using this 





reduction percentage, the reduction in the layers as the 
mixer passes over them can be estimated. This layer 
Serekness reduction allows the mixer to work its way into 


the layers during mixing. Table 4.14% lists the layer 


thickness comparison for each material. An explanation of 
the column headings is as follows: 

d,s The pre-mix thickness is the thickness of each layer 
before mixing. 

a. The reduced thickness is the layer thickness after 
mixing of aggregates with water and vibration For e minutes. 
I, The reduced fluff is the difference between the 
previous two measurements for each material. 

240 The absolute thickness is based on the absolute volumes 
Within the concrete after the water is added and thoroughly 
mixed in and the mix is compacted. 

= The absolute FlufF is the difference between the 
absolute thicknesses and the pre-mix thicknesses. The 
reduction percentages were calculated by the use of equation 
i 16. 

Red. = (€Pre.flix - AfFter.Mix)/Pre.Mix Coe AS) 3) 

The reduction percentage CRed*%) For a test specimen 
that measured 8.73 inches before mixing and 8.O inches after 
measuring equals 9.3%. Therefore, the aggregate and cement 
layers were assumed to reduce equally by 93.3% as shown below 


in Table 4.14. 
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Coarse 


Fine 


Air 


Water 


Total 


Table 4.14% Layer Thickness Comparison 
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QUALITY VERIFICATION 
EXaR ITER. S 


Mmeeeelmcroduction 
Quality verification involved testing the concrete mix 
For strength at various intervals of time. The two major 


variables were the method of mixing and the method of 


compacting. JThere were two methods of mixing; laboratory 
mixing and Field mixing. Laboratory mixing consisted of 


using a small mixing drum to thoroughly mix the materials. 
Field mixing consisted of using soil stabilizing equipment 
to mix the material laid down in layers of coarse aggregate, 
cement powder, and Fine aggregate. There were two methods 
of compaction; laboratory compaction and field compaction. 
Laboratory compaction consisted of using a compaction hammer 
or a small sledge hammer to strike the mixed material 
contained ina test mold. Field compaction consisted of the 
Vibratory roller compacting material placed in the 

test slab Filling the test crater. 

A third major variable that existed was the method of 
measuring the quantity of materials put into the mix. The 
two methods were by weighing and by pre-mix volumes. fTest 
specimens that were laboratory mixed had their materials 
weighed by scale to measure input quantities. Test 
specimens that were Field mixed had their quantities 
measured based on pre-mix volumes as discussed in section 
4%.e. Therefore, laboratory mixing implies input quantities 
measured by weight and field mixing implies input quantities 
measured by pre-mix volume. For this reason only two 
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Variable combinations are discussed (mixing and compaction) 
With the third variable implied Cmeasuring input 
Quantities). 

The testing involved test specimens preparec under 
three different combinations of the two major variables of 
method of mixing and method of compaction. The first 
combination was a concrete mix that was laboratory mixed 
Cdrum mixer) and laboratory compacted Ccompaction hammer). 
The second combination was Field mixed Csoil stabilizer) and 
laboratory compacted Csmall sledge hammer). The third 
combination was Field mixed and field compacted Cvibratory 
pellee). 

The results were analyzed by using simple linear 
relationships. Although the linear relationships were not 
completely accurate, they provided valuable insight as to 
basic compaction versus strength relationships at the 
expense of some accuracy. 

S.e Settlement Tests 

A settlement test was conducted only on the field mixed 
and compacted material. The settlement test was begun as 
soon as the compaction activity was completed. The test 
consisted of placing a 100 1b plate that was supported by ¢% 
steel rods that provided a contact of 1 Square inch all 
totaled. Figures S.1 & S.e@ illustrate the plate placement 
procedure. Therefore, the stress placed on the slab by the 
1 steel plate was 100 psi. The stress was increased by 
placing additional 100 1b plates to a maximum of 4% plates 
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For a 4'00 psi stress. Figure 5.3 shows the maximum st 


plate arrangement. 


s 


th. 


= weg ree 
ee. 





Figure S.1 Placement of Plate Load 





mgieiee S5:c Load Plate €100 psi) 
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BIg o.5 Peli Poacec Load Plate ©7200 psi) 
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The placement of the plates after compaction was 
considered to be time O. At time O, settlements occurred as 


detailed in Table S.1. 


Table S.1 Settlements in Plate Load Test 
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At time +1 hour, the settlements were O inches at a 400 


psi stress. 


S.3 Laboratory Testing of Laboratory Mixed and 
Compacted Test Specimens 


The first combination of major variables was material 
that was laboratory mixed and compacted. Tests on this First 
variable combination were performed to establish the 
strengths obtainable based on the mix design only (Ci.e. 
eliminate mixing and compaction error). These tests were 
performed on test specimens prepared by weighing the 
portions of materials to eliminate proportioning errors. 

The materials were then mixed using a small concrete drum 
mixer to provide complete mixing. The mix was placed in 
test specimen molds and then compacted with a CN-41S 
Scendard Compaction Hammer (€S.5 lb * 12 inch drop) to obtain 
Patan Of S52 compaction. Six 4 inch * 8 inch cylinders 
and three 3 inch * 3 inch * 11 inch beams were prepared for 
testing. 
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The preparation of the test specimens to test the mix 
design was conducted as to eliminate all other possible 
Beuses Of error thet could cause a weak mix to be developed. 
Hence, the use of a mixing drum, scale, and compaction 
hammer were required. 

The cylinders were capped in accordance with ASIN C617 
CCapping Cylinder Concrete Specimens). The compression 
tests were performed in accordance with ASIN C3S-66 CTest 
Method For Compressive Strength of Cylindrical Concrete 
Specimens). The flexural strength tests were performed in 
accordance with ASIN C78-8Y CTest Method For Flexural 
Strength of Concrete). The tensile strength tests were 
performed in accordance with ASTM C4S6-87 CTest Method for 
Splitting Tensile Strength of Cylindrical Concrete 
Specimens). 

The test specimens were tested for compressive, 
Flexural, and tensile strength at e4 hours and & days after 
the mix preparation. The results of the compressive tests 
had to be corrected due to the shortness of the samples. 
ASTM CY4e-BS CMethod of Obtaining and Testing Drilled Cores 
and Sawed Beams of Concrete) specifies that samples with a 
length to diameter ratio CL/d) below 1.94 must have 
correction factors applied to reduce strengths obtained 
(30). The stresses were calculated by dividing the load by 
the area of the cylinder. Table S.e lists the cylinders 
along with the loads, areas, uncorrected stresses, 
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: 


correction Factors and corrected compressive stresses. 


Table 5.e@ Laboratory Cylinder Corrected Compressive 


Stress 

gee SOnr . 

Comp. Red. Come. 

oad Area Stress Facear Stress 

Cylinder Clbs) Crm: co Cpsid Gee, Cosi 
1C SiSlEes/[e he. Sob S240 0.3500 SCi6 
reat, too fet SSS S).51516, Ol FS) @16, S/6/6/6 
i (C erie ao Wie, Ss)= =? Ole /6, 0.93600 Bs ele: 
= 8 5 =(8 206 ies Ses S7 GS ila ele. S50 


The unit weights of the samples were calculated by 
dividing the weight of a sample by the volume of the sample. 
The degree of compaction was measured based on the mix 
design unit weight. The maximum compaction obtainable was 
100% which allowed for zero air voids C€2AV). The mix design 
produced a mix with a unit weight of 142.3 pef assuming e% 
entrapped air. The magnitude of compaction was defined as in 
equation 5.1. 

Unit Wt 
eMac cose: eee ee ae ee a ee Saye 
The unit weight for ¢@AVU was obtained as shown in 
eeeaction 5S.c. 
Smee Air Yoids, Unit Weight = 142.3 pcf 
EOmMpPabtlom = sen0-. 
Cigpeemwic et! CAU & === ====—=-—— CS.c) 


O73 
Grieeewt., © CAV .x*Fltec. 3 per 
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EenpacElonm < 100% 
Table 5.3 lists the unit weights, compaction %’s, 
corrected compressive stresses, and curing times of each 


Seinder. 


Table (5.3) Laboratory Cylinder Compressive Strength 


Data Sheet 
Corrected 
Nima a Compress ie a ine 
we, Comp. Stress Time 
Cylinder Caer) ee Cpsid Chrs) 
1 a7 ot of 5 BO1G ed 
oe ted ve. 397,42 3300 en 
aC fae. 0 S530 7% a320 1 Ne fe 
2 te. Sle. 6 2to) =) 8, Nees ee 





Two cylinders were tested for tensile stress Failure. 
The maximum stresses were calculated using equation 5.3 
GB Dd» 

i= splitting Tensile Strength 

P = Maximum Applied Load 

ife= length 

gd = diameter 

Mece = P)/Coy * |] * cd) Cant SB, 
The splitting tensile test results are listed in Tables 


ee & 5.5. 
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Table S.4 Laboratory Tensile Cylinder Unit Weight and 








Compaction 
Unit 
Beam. Ler. vray le ites Wes EGmp . 
Cylinder lo Calta Giee 3 Clbs) (per? C%) 
ig a Gres O04 5 3 SB. se 1S5S:35 sls) il 
el 7 Sy are Oa S Bee | Pasi. 96.02 


Table S.5 Laboratory Tensile Cylinder Strength 


a NED tae 6 al SE tnt cer in EE TRE EMIS Mee ey re re ee 


Cale Vals 

Load af Time 

Cylinder Clnos) Cpsid Chrs) 
A iLSIEO S|) en 


mt 3)6 7/18 rag a, iss Je 


Culinder #2T had significant honeycombing concentrated 
at one end. 

Three beams were tested for flexural strength. The 
equations used to calculate the Flexural stress were 
eeeeeions &5.4, S.4%a, and 5.4h ¢€3e2). 

R = Flexural Stress = Modulus of Rupture 

M = Maximum Bending Moment 

c = One-Half the Depth of the Beam 

I = Moment of Inertia of the Cross Section 

oe. Oad 

ib Length Under Load 


d = Depth of Beam 


heen | Clee 1 GSrt) 
a= Cree Loy C2 pass 
ear soa 1c Cae oa, 
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Heoles 5.5, 5.7 and &S.8 list the results of flexural 


tests. 


Table 5.6 Laboratory Flexural Beam Dimensions and 
aie weight 
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Len. Width Depth Uy) ee Ue Wt. 
Beam # Gi) Gam. Giga Cem ies? Gale) 
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Table S.7 Laboratory Beam Flexural Stress CR) 
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Neutral Moment 


Total Loaded Axis oF 
Load Length c Inertia Comp. R 
Beam # Clbs) Cin? Cin) Cage a? S25) Cpsi) 
1B IS ae®) = i bapa S57 ome LOO .0% oligil 
eB Sie o 3. eS Se soo ae ae BS6 
Sis e730 S) dee SrovemrrOOne.) 1037 


Table 5.8 Curing Time 


Diieak eye 
Time 
Beam # Chrs) 
Als Gut 
25) as Feed 
SB US\= 


The results of the tests will be discussed in section 
5.6 which compares the test results. 
The laboratory testing provided a benchmark for the 
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judging the compressive strengths obtained in the field 
test. The mix design detailed in section 3.2 was followed 
to produce the laboratory test specimens. 


S.4 [Laboratory Jesting of Field Mixed and Laboratory 
Compacted Test Specimens 


The second combination of Field mixed and laboratory 
compacted was performed to minimize compaction error and 
isolate the effect of strengths by Field mixing. 

After completion of the mixing operation by the soil 
Stabilizer during the Field test, samples were removed from 
the mixed material and placed into cylinders. Figure S.4 
shows the mixed material in place that the sample material 
was taken From. The cylinders were placed on the vibratory 
drum and vibrated for four minutes as shown in Figure S.S. 
The cylinders were then compacted using a small sledge 
hammer and a small tamper as shown in Figure 5.6. Seven & 
inch * le inch cylinders were prepared for compression 
tests. The Flexural and tensile strengths were obtained by 
uUSing known Flexural and tensile strength relationships for 
concrete (33). Figure S.7 shows two of the sawcut cylinders. 
Figure S.8 shows the capping procedure being performed on a 
Cylinder in accordance with ASTM C617 Ccapping Cylinder 


Concrete Specimens). 
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Figure S.9 shows the cylinders undergoing the 
compression test in accordance with ASIN C39-85 CTest Method 
Pop weempressive Strength of Cylindrical Concrete Specimens). 

Table 5.9 lists the results obtained From the 


compression tests including corrected stresses. 


Table &.3 Field Cylinder Corrected Compressive 


Stresses 
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Table 5.10 lists the compaction percentages, corrected 


stresses and curing times side by side. 


Table 5.10 Field Cylinder Compressive Strength Data 


sheet 
Corrected 

Unit Compress Curing 

Wt. Comp. stress Time 

Culinder sles ae, CZ Cpsid Chrs) 
2/8 tls 7 37.582 tee et 
SC 1S le 97.62 Te sl 
71a IS a el So 7 es 16eo dls: 
2G iO. S S96 Bz lee thsi 
St Id Os See. Hip tee) eo 
FOC dee lee S7ie con® ent 
iC 4.) col: slay are E7 ao Te 


The results of the tests will be discussed in section 


5.6 which compares the test results. 


5.5 Laboratory Testing of Field Mixed and Compacted 
Test Specimens 


The field mixed and compacted samples were obtained the 
day Following the slab construction. The samples were 
actually cored out of the slab using a coring machine. 

Since the samples had to be Field mixed by the mixer and 
meta Compacted by the vibratory roller, obtaining the core 
Samples was the only method of producing test specimens. 
Six core samples were taken From different locations 
throughout the slab. Appendix D lists the exact locations 


in the slab that the core samples were taken From. The 
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Flexural and tensile strengths were obtained by using known 


Flexural and tensile strength relationships for concrete 


maa) . 


Table S.11 lists the results obtained from the core 


samples. 


Table 5.11 Field Core Corrected Compressive Stresses 





Lait. EGrE 

Tlegyel . Red. Eamon 
Load Area Stress Factor Stress 

Core Clbs) Cimee? Cpsi)d a (psi) 
eC et Ole SOce 3550 10000 S550 
L3IC LOO 2, Oe 1660 1, 0C@O 1660 
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Table S.1le lists compaction percentages side by side 
With the corrected compressive stresses and curing time of 


each sample. 


Table 5.12 Compressive Strength Data Sheet 


Corrected 

Unit Compress cuniag 

Wt. Caner Stress Time 

Core Cae i. Gao Cpsid Chrs3 
eC ha aes no eee Boa 0) UE 
SC sec iC ye Sle Oe 1660 72 
hea Be tO. S S/S) 4 1.2)74 at c= | 168 
Us) 8 Peer oS 9S a eagle Tee 


The results of the tests will be discussed next in 


section 5.6. 
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emo Comparison of Laboratory Mixed and Compacted, 
Field Mixed and Laboratory Compacted, and Field 
Mixed and Compacted Test Specimens 
The results of each combination tested are listed in 


fmeote 5.135 below. 


Table S.13 Summary of All Actual Stresses 


SeeoeIMEN EEMPRESS Pine TENS Tee COMPAGR N LIME 
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Since each sample could be tested for only one 
type of stress (Ccompressive, tensile, or flexural) known 
relationships for compressive to Flexural, compressive to 
tensile, and tensile to flexural were used to obtain a set 
of three stresses For each sample (35). The values of the 


stress relationships used are listed in Table 5.14. 


Table 5.14% Stress Relationships 


Split Tensile/Compressive = 10.0% 
Flexural/Compressive ee Seca 


Split Tensile/Flexural ~ [ef sis 


Therefore, to obtain a flexural value for specimen 1C, 
the compressive strength Cstress) value was multiplied by 
the Flexural/Compressive ratio to obtain a flexural value. 
The laboratory mixed and compacted sample relationships of 
Flexural to compressive Capprox. 26%) and tensile to 
compressive (€11%) exceed the relationships in Table 5.14 
Later calculations developed in this report are based on 
compressive strengths. Therefore, the lower ratios in Table 
S.14 are conservative since they will produce lower 
compressive strengths From flexural and tensile strengths as 


tabulated in Table S.15. 
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Table 5.15 Actual and Calculated Stress Values 
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Bro. t Compressive Strength Versus 
Compaction 


The relationship of compaction percentage versus 
compressive strength was investigated. 

Th laboratory mixed and compacted samples tested at ?4 
hours C1C, eC, 1B, 1T) yielded substantial scatter of 
compressive strengths. The results were processed through 
linear regression to obtain a simplified linear 

Betecionship. the linear relationship shows that the 
strength increased as compaction increased. Figure 5.10 
shows the points and linear relationship. 

The laboratory mixed and compacted samples that were 
tested at 8 days C3C, 4C, @eB, 3B, eT) yielded a minimum of 
Scatter for compressive strengths. The resultS were 
processed through linear regression to obtain a simplified 
linear relationship. The linear relationship shows that the 
Strength increased as the compaction increased. Figure 5.11 


shows the points and linear relationship. 
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The Field mixed and laboratory compacted samples tested 
at 1% hours (SC, BC, 7C, BC) yielded a very small amount of 
scatter of compressive strengths. The resultS were processed 
through linear regression to obtain a simplified linear 
relationship. The linear relationship shows that the 
strength slightly decreased as compaction increased. The 
closeness of the compaction percentages (96.8% to 97.6%) 
idicates that the compaction increases from sample to 
Sample were not Significant enough to overcome other Factors 
such as poor mixing that could cause small drops in 
compressive strength. Figure S.1le shows the points and the 
linear relationship. 

The field mixed and laboratory compacted samples tested 
at e+ hours (SC, 10C) yielded a very large amount of 
difference of compressive strengths. The simplified linear 
elationship shows that the strength greatly increased as 
compaction increased. The closeness of the compaction 
perentages (96.8% to 97.22) indicates that the compaction 
increases from sample to sample were not significant enough 
to cause the large increases in compressive strength. The 
combination of lower compaction and other factors 
such as poor mixing could hav contributed to the low 
strength of sample SC. Figure 5.13 shows the points and the 


linear relationship. 


C203) 





OOl 


Zig oans ya 
% NOLLIVdNOD 


SINIOd VLVQ WhLOV 





NOISSSYOSY YVAN] 


66 86 LO a6 


(Q3LOVdWOD @V1 ‘XIN G13l4) SYH vt cSWIL 


% NOILOVdWOO SA HLONSAYLS SAISSSaddWOO 


O 


vO 


S20 


B°O 


oa 


iss tt 


ard 


vec 


onc 


BS 


(spuDdsnoy)) 
(Sd) HLONSYLS JAISSSYDNOOD 


(104) 





C[°G eansta 
SINIOd Viva Wwnhlov a 
~% NOLLIVdWOD 


Sica GETS: G26 f° £6 L°Z6 6°96 £°96 G96 


(Q3LOVdWOD Ov1 ‘XIN G13I4) SYH ve “3WIL 


% NOILOVdWOO SA HLONSYLS SJAISSSYqGWNOO 


oi sO 19 st Mr N —- — 
es oe hur 


Me) tes AN 
NNN 


ow + 
N NN 


mo wo re 
N NN 


(spuosnou]) 
(ISd) HLONSYLS B3AISSSYDNOOD 


(105) 





The field mixed and compacted samples tested at 7c 
hours €1ieC, 130) yielded a very large amount of difference 
of compressive strengths. The simplified linear 
relationship shows that the strength greatly increased as 
compaction greatly increased. The large difference of the 
compaction percentages (92.0% to 97.3%) indicates that the 
compaction increases from sample to sample were significant 
enough to cause large increases in compressive strength. 
However, the excessively high strength may also be affected 
by improper mixing causing concentrations of cement 
powder. Figure S.14 shows the points and the linear 
relationship. 

The Field mixed and compacted samples tested at 168 
hours €14C, 15C) yielded a very small amount of difference 
OF compressive strengths. The linear relationship shows 
that the strength slightly increased as compaction slightly 
increased. There was a small difference of the compaction 
percentages (95.5% to 96.8%). Figure 5.15 shows the points 


and the linear relationship. 
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Sale eld Compressive Strength Versus Time 


The mean compressive stress For each time interval was 
obtained by averaging the strengths of the cylinders tested 
at the particular time interval. The variance (Var.) shows a 
the percentage variation of each cylinder from the mean. 

The amount CAmt.) was the magnitude in lbs that each sample 
differed from the mean. Table &S.16 lists the aforementioned 
parameters For the compressive cylinders along with the 


method each cylinder was mixed and compacted by. 
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Table 5.16 Mean Compressive Stresses 


Mean 
EiiRong Compress 
Time Time pial ee Comp. Stress Var. Amt. 
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The scatter of compaction percentages for the lab mixed 
and compacted samples was well-distributed. Figure 5.16 
Shows the average compaction percentage as one line and each 
Sample’s compaction percentage. 


The left Four points (C1C, 


1T, eC, 1B) are From the one-day compression tests, the 


Beoneeming £ive Cight points CSC, el, eB, 4C, 3B) are From 


the eight-day compression tests 
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The average compaction percentages are very close to 


the overall compaction average as shown in Table 5.17. 


Table 5.17 Compaction and Compressive Strength 
Averages CLab Mixed and Compacted) 


baring Average Compressive 
Time Compaction Strength 
Cdays) “a Cpsid 

at S75 3820 

B S73 1750 
Overall Set 


Figure 5.17 shows average compressive strengths versus 
the time of curing relationship for the lab mixed and 
compacted samples. The compressive strength increases over 
time as expected. 

The scatter of compaction percentages for the Field 
mixed and laboratory compacted samples was minimal. Figure 
5.18 shows the average compaction percentage as one line and 
each sample’s compaction percentage. The left Four points 
ferret, oC, 6Cs are From the it-hour (0.6 days) compression 
test, the next two points (SC, 10C) are from one day 
compression test and the rightmost point €11C) is From the 


three day compression test. 
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The average compaction percentages are very close to 


the overall compaction average as shown in Table 5.18. 


Table 5.18 Compaction and Compressive Strength 
Averages CField Mixed and Lab Compacted) 


EsGcing Average Compressive 
Time Compaction Strength 
Cdays) Wa Cpsid 
OS) S723 Usie1©. 
1 S77 8 2020 
2 See5 E730 
Overall 27.7 


Figure S.19 shows average compressive strengths versus 
the time of curing relationship For the Field mixed and 
laboratory compacted samples. The compressive strength 
increases over time as expected. 

The scatter of compaction percentages for the Field 
mixed and compacted samples was large and maldistributed. 
Figure S.20 shows the average compaction percentage as one 
line and each sample’s compaction percentage. The left two 
Semes Ci12C, 130) are From the three-day compression tests. 
Mae right two points C14HC, 150C) are From the seven-day 


compression tests. 
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In contrast, the average compaction percentages for 
each test are close to the overall compaction average of all 


cores as shown in Table 5S.19. 


Table $.19 Compaction and Compressive Strength 
Averages (Field Mixed and Compacted) 


uring Average Compressive 


Time Compaction Strength 

Cdays)D * Cpsid 
me te 0CUC™C~té—~SGS— ett—“(‘CSOCsS 
u Soe atts «oul, 

Overall 35.45 


Figure S.21 shows average compressive strengths versus 
miemeame OF curing relationship for the field mixed and 
compacted samples. The high strength of cylinder ieC at 
3550 psi, greatly increased the average compressive strength 
of the three-day test. The use of high early strength 
cement typically produces approximately 75% of the ce8-day 
strength at the three-day point €36). The strength 
typically increases to 84% by the seven-day point €37). The 
seven-day compressive strengths were clustered around their 
strength of 2440 psi creating an apparent 6.5% decrease in 
strength from the three-day test average of 2610 psi. 
Further discussion is presented in the conclusions 
concerning this apparent erroneous result of decreasing 


strength over time. 
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Figure S.ee shows the three compressive strength versus 
time graphs superimposed upon one another. The ideal 
laboratory mixed and compacted graph shows the expected 
meee increase and overall higher strengths due tc eée lac! 
SieeeccOr in Material input, mixing, water addition, and 
compaction. The Field mixed and laboratory compacted graph 
Shows the expected increasing strength over time 
relationship. The strengths are less than obtained in ideal 
Paseeatory mixing conditions. fhe Field mixed and compacted 
Graph shows the unlikely slight decrease in compressive 


strength versus time relationship. 
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Bee Ncroduction 

An analysis was done on the following relationships: 

as The effect of variation of Moist Rodded Unit 
Weight CMRUW) on the ultimate layer thicknesses. 

a. The effect of variation of the total water 
application on the water to cement CW/C) ratio and moisture 
Samcenct. 

6.c MRUW Values to Layer Thickness Relationship 

The coarse aggregate moist rodded unit weight was 
varied by +/- 10%. Taking into account the effect of the 
angle of repose, which causes the trapezoidal shape of the 
Rawiers, the change in coarse aggregate height changes the 
width of the top of the coarse aggregate layer that the fine 
aggregate rests on (coarse is on bottom, Followed by the 
cement layer and then the sand layer). The change in 
thickness of each layer along with the overall thickness of 


the combined layers is tabulated in Table 6.1. 


Table 6.1 Coarse Aggregate MRUW Sensitivity Analysis 


Percent Change +1G% +4 % —S% 1072 


meeese MRUW Cocf) 100.5% 95.97 31.40 86.83 Ge.c6 


Coarse Agg. Cin) ae 5.0 a) Ne a0s7 6.1 
Cement Cind O06 0.6 O55 es O..6 
Fine Agg. Cin) 246 Bae 6.4 6.7 lel 
matal Taiek Cin) 1 | lle? be. 3 72.0 Gs 
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Water does not add to angle of repose layer thickness 
Since water permeates into the voids. The effect on the 
cement thickness was neglected due to the thinness of the 
layer €O.6 inches). 

The change in total thickness of the layers for a 10% 
increase in the coarse MRUW amounts to a 11-inch decrease 
(8%), while a 10% decrease in the coarse MRUW amounts to a 
1.S-inch increase (12%) in total thickness. These changes 
in volume of material input are not significant as discussed 
in the ACI Code ¢€38). 

The Fine aggregate moist rodded unit weight was varied 
by +/- 10%. The effect of the angle of repose was taken 
into account. No effect occurs in the coarse aggregate due 
to the placement of the coarse layer on the bottom. The 
change in thickness of each layer along with the overall 


thickness of the combined layers is tabulated in Table 6.e. 
Table 6.e Fine Aggregate MRUW Sensitivity Analysis 


Percent Change +10% Baro 4 OZ oe = Oke 


Fine MRUW Cpcf) 94.33 30208) 2Sn75 81.46 77.18 i 
Coarse Agg. Cin) =e Ss So =e, Sis 
Cement Cin) Gris O26 OATS OF 5 O76 
Fine Agg. Cin) Bes 0 Bt 5.0 Ores 
Water eras On8 Os, OVS: Orr) 
Total Thick Cin) Tig a, Les en 7 ais 


As before, water had no effect and the cement-layer 
change was neglected. The change in total thickness of the 
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layers for a 10% increase in the coarse MRUW amounts to a 
O.7-inch decrease (6%), while a 10% decrease in the coarse 
MRUW amounts to Jl-inch increase (8%) in total thickness. 
These changes in volume of material input are not 


Significant as discussed in the ACI Code (39). 
6.3 fYJotal Water Application to W/C Ratio and 

Moisture Content Relationships 

The total amount of water added is controlled by the 
Flowrate of the water and the speed of the watertruck. The 
Flowrate of water and the watertruck speed were varied By 
+/- 10% to gauge the effect on the water to cement CW/C3) 
ratio and overall moisture content. Table 6.3 tabulates the 


effects of flowrate variation. 


Table 6.3 Flowrate Sensitivity Analysis 





Percent Change a Oe +S Ole = SrA N02 





Flowrate Cgal/sec) e¢.1%4 rage Ole eo eet eS 


Volume of Water eas ees rests el LO JUS|é! 
Placed Cgal) 


Meees/Lement Ratio SY4.4% $1.7% YE.9% 46.1% 43.4% 


Bersture Content So 5.2% ie Sl seo Ae i a 


Table 6.4% tabulates the effects of watertruck speed 


variation. 
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Table 6.4% Watertruck Speed Sensitivity Analysis 


Percent Change ae QO) feieg Ole Bare 


le 


Velocity Cft/secd Tees Thy dl est eS 


Volume of Water is) S 204 as 226 
Placed (gal) 


Peteeey,cement Ratio 43.9% 46.3% 48.9% 51.8% 


Moisture Content St 4 Sie plea stn bane 5 5 (ate 


The range for the water to cement ratio is 


The low end of 36% is the lowest W/C ratio that 


EVipucea diy 


permits full hydration of all cement powder C40). The high 


end of 60% is the maximum W/C ratio allowed according to ACI 


Code (41). The variations on the W/C ratios clearly fall 


within the acceptable range. 


The maximum moisture content recommended 1s 


epproximately 6% C42,4%3). The controlling factor is the 


required stiffness For compactive efforts by vibratory 


roller. 
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CHAPTER 7 
EVUNEEUS TONSS ANU SReeenhnENSATIGNS 


fee COnclusions 

The CPM diagram details a construction Sequence that 
takes approximately ¢2@.eS hours to complete. The pavement 
femebe used at te.cS hours, however, rutting of 
SeeeeGximately 1.5- to e-inches will occur and should be 
@epeeeo OUT within 3O minutes after occurring. IF at least 
One hour of curing time is allowed after vibratory roller 
Sempaection, no settlement will occur due to a 400 psi stress 
which is the maximum wheel stress anticipated. Therefore, 
the pavement would be Fully usable after approximately 3.e5 
hears Grom the beginning of construction. It is concluded 
that most of the strength of the concrete at the early time 
of +3.¢ec5 hours is due to the strength of the aggregates 
acting as a base course with minimal additional strength 
From concrete set. Therefore, compaction of the subgrade 
below the aggregates is required to provide additional 
resistance against settling. Further study should be 
completed to determine the long-term effect of such early 
use on the durability of the concrete after set. In an 
emergency Situation over several days, the short-term use is 
unlikely to be hindered. 

It is concluded that this method is superior to 
existing methods of runway repair since it requires no 
maintenance once placed Cdisadvanatge of crushed stone), 
provides a smooth interface with existing pavement 
Cdisadvantage of AM-e matting), resists differential 
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settlement Cpre-cast concrete slabs), and can rapidly 
produce large amounts of zero slump concrete Cdisadvantage 
of Cretemobile). 

The mix design was capable of producing strengths of 
3000 psi and above within 24 hours when properly 
proportioned, mixed, and compacted. This was evidenced by 
compressive tests conducted at 24% hours after mix 
preparation. 

Dne of the most influential Factors in this method is 
judged to be the degree of mixture of the concrete 
materials. Establishing reliable accurate mixing 
performance criteria would require extensive testing and 
analysis, therefore this performance criteria was not 
measured in the Field test due to the limit of resources, 
time, and effort of personnel performing the field test. 
However, it is obvious that if the layers were not mixed at 
all, no strength would develop in the slab. Conversely, 
perfectly mixed material possesses the potential of 
attaining the anticipated mix design strength. The degree 
oF mixing actually performed lies somewhere in between 
the two extremes with some irregularity in certain areas. 
Irregular mixing could cause an excess of concrete powder in 
One area possibly producing a very high strength sample and 
@ lack of cement powder in another area producing a very 
weak sample. 

Results from lab mixed and lab compacted test specimens 
are conclusive showing an increase in unit weight causes an 


Cie) 





increase in compressive strength. The compressive strength 
increased over time as expected from the 1 day to 8 day 
compression tests. The unit weights were well-distributed 


producing Similar average unit weights From the one-day test 


to the eight-day test. 

Results from the Field mixed and lab compacted samples 
were conclusive for compressive strength versus time 
relationships, but inconclusive for compaction to 
compressive strength relationships. The unit weights were 
Clustered together Caround 0.8% spread?) producing similar 
average weights From the 14-hour test to the e4t- and 7e-nour 
tests. The clustering of unit weights also produced a 
Clustering of compressive strengths C+/- 100 psi) for the 
14-hour compression test. The slight decrease in 
compressive strength as compaction increased is concluded to 
be erroneous. It is concluded that the small decrease in 
compressive strength was caused by irregular mixing. The 
e't-hour test showed an increase in compressive for a small 
increase in compaction. Therefore, it is concluded that the 
e4-hour test was affected by other factors Such as improper 
mixing which caused concentrations of cement powder 
Peeckicing higher and lower strength samples. The 
compressive strengths increased over time as expected. 

The results from the field mixed and lab compacted were 
Conclusive in showing a compressive strength increase versus 
increasing compaction. However, the compressive strength 
versus time results indicated an erroneous trend of slightly 
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decreasing strength over time. This result is concluded to 
Bememwe to the high strength of 3550 psi For the 12C 

Sample which raised the three-day test average strength to 
C610 psi vice the expected value of approximately 2200 psi. 
The high strength is concluded to be due to possible 
improper mixing providing excess cement powder. The iel 
Sample also had the highest degree of compaction For the 
Field mixed and compacted tests, thereby raising the 
compressive strength. The seven-day average compressive 
Strength was e44O psi creating an apparent 6.5% decrease in 
strength from the three-day test average of e610 psi. The 
expected result was an increase of approximately 93% in 
strength from the three- to seven-day tests. Therefore, the 
total deviation From the normal was approximately 15%. 

Tt is concluded that variations of the moist rodded 
unit weights of +/- 10% will not Significantly affect the 
Strength of the Final mix. 

A variation of +/- 10% in the Flowrate or 
watertruck speed will also not Significantly affect the 
Final strength of the mix. The 10% increase in water 
applied will also not significantly affect the stiffness of 
the Final mix, thereby allowing the use of vibratory 
equipment. 

7.2 Recommendations 

For future testing of this procedure, it is recommended 
that dry specific gravity tests and absorption tests be 
performed on the fine and coarse aggregates in accordance 
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with ASIN standards CASIN Cie? & C1ieB) to use For the volume 
@eewesOlids calculation. This will allow a closer check Cthan 
fmeeeeeic ratio check) on the Following: 

1) Moist rodded unit weight CNRUW) calculation by 
using the MRUW value to calculate the weight of solids CUWs) 
and using the dry specific gravity to calculate a volume of 
solids (Vs). 

=> Use the absorption parameter obtained from 
in-house testing and calculate a saturated Surface dry 
Pmeeifric gravity CSSDSG). 

) Check the values calculated for SSDSG against the 
SSDSG parameters obtained from the aggregate company’s 
published laboratory results. Also check the absorption 
parameters obtained by in-house testing against aggregate 
company’s published laboratory results. The calculated 
values should check within 1% or other appropriate amount as 
determined by sensitivity analysis. 

The layer mixing method relies on the use of zero 
Slump, roller compacted concrete. The zero slump concrete 
could be made quicker for small quantities by using a small 
Perteable mixer €16S mixer). The breakeven quantity C+/- cy) 
at which the layer mixing method surpasses the small mixer 
in production needs to be found. This will allow a 
selection of methods based on the known quantity of concete 
needed. 

A criteria For degrees of mixing could be developed. 
Using the degrees of mixing, test specimens could be 
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prepared (four samples for each degree of mixing). Strength 
PeeoedsS degrees of mixing relationships could be developed 
From test results. The degrees of mixing should be 


delineated as to mixing of aggregates with cement powder and 


mixing of mixed aggregates and cement powder with water. To 
be useful, descriptive definitions of appearance of the 

mix for each degree of mixture must be developed so that 
Field personnel can competently relate the appearance of the 
feeoesm the Field to a particular degree of mixture. 

The Field mix and compaction combination could be 
tested in a manner to insure a Broad range of unit weights 
For each time interval tested. This will allow a more 
SemerOlled comparison of unit weight versus compressive 
strength analysis. The test slab should be approximately 
Five ft wide and ten roller widths long. The vibratory 
roller could then be used to compact each roller width 
length of the slab at different numbers of passes thereby 
Creating different unit weights. The vibratory roller could 
start from one end traveling across the width of the slab 
For one pass down to the far end of the slab where ten 
passes across the width of the slab would be made. Core 
Samples could then be cut from each section. A minimum of 
Five laers should be cut from each section to provide 
sufficient samples to allow for sample deviations. The 
Samples could be tested for compressive strength. Beams 
could also be cut and tested for flexural strength. 

Since the slab will most likely be used within the 
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Mepee Few hours after construction, the rupture strength of 
Egemeoncrete will be minimal, therefore cracking of slab 
Will occur. To Further analyze the crack Formation and 
ensuing settlement requires a Finite element analysis. The 
Finite element analysis should be done for different 
feecart wheel loads C€£€-S, €-141, F-124, etc..) and slab 
configurations. The research goal would be to determine the 
Gegree of differential settlement that could occur in 
certain loading situations. 

The use of a paver could also be used to lay down the 
aggregates using the external equivalent hole concept. For 
a large number of crater repairs, the paver may become very 


beneficial in speeding up layer placement. 
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APPENDIX CA) 
FLOW CONTAINER CALCULATIONS FOR TRAPEZOIDAL CONTAINER 


mememium Width = 23 in Limrmem Length = 33 in 
feeemum Width = 30.5 in fe menmn  eemngea = SE.5 in 
see OF Width Sides = 0.625 

Seepe OF Length Sides = 2.1ceS 

Maximum Depth = ie in 

Actual Depth = 10 in 

Maximum Volume = 6.50 cf 

Actual Maximum Width = 293.e5 in 

feeeal Maximum Length * S4.2e5 in 

Trapezoidal Container is broken down into 3 sections. 
Section 1 consists of the rectangular box having a length 
equal to the full length of the container, width equal to 
the minimum width, and depth equal to water depth. 
Section e consists of the two triangular containers (i.e. 
Half rectangular containers) having a length equal to the 
minimum length of the container, base width equal to the 
Half of the difference between the maximum width minus the 
minimum width, and depth equal to the depth of the water. 


Section 3 consists of the four remaining corners 


The section divisions are illustrated below: 





Seceion | = 4% .989 cf 
Beeeionm ece==2.414 cf 
Beetcion a), ©.384%3 cf 
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Aimee 3CE> 
CALCIUM CHLORIDE APPLICATION 


Pesumes all Calcium Chloride is placed. 
Calcium Chloride Content = 3e lbs 

Total Driving Time = 111 sec 

Application Rate “= © 2esd3" J5s/sec 

Total Volume of Dilution Water = 10 gal 
BenGentration Calcium Chloride = 3.e4%e lbs/gal 
Calc’d Application Rate = 0.090 gals/sec 
Calc’d Application Rate = 11.06 secs/gal 


feedum Chiocride Placed by Weight = 1.00% 
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ieee xX CE} 
MATERIAL REQUIREMENTS 


Actual Crater Volume = Gra (EU) 
Volumes in Place iia Bi B38 
Coarse Aggregate * 0.751 Cy. «5.256. 
Fine Aggregate * 8) =)s)s) Wee a= es 
* Includes FLUFF of aggregates 

BASE COARSE OF COARSE AGGREGATE = 2 
Extra Coarse Aggregate Required = ia Sie 
Bags of TYPE III Cement Req’d = IS 


Add extra bags to prevent running short. 


MATERIAL SUMMARY 
Required On Hand Reserve 


Cen Ccy) Cen 
Coarse Agg. 7 aoe 1HG)518)®. fe, g ONS) 
Fine Agg. Yaa LO; 00 So 
* Cement Chags) Sts 505.08 eres. 
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Aeon Cel 
MATERIAL REQUIREMENTS 


Actual Crater Volume = Bee EY 
Volumes in Place oe Be Eas 
Coarse Aggregate * 0.751 Cy eed: 
Fine Aggregate * 6. SaSm eu ta alah 


* Includes FLUFF of aggregates 


BASE COARSE OF COARSE AGGREGATE = e 
Extra Coarse Aggregate Required = 127 
Bags of TYPE III Cement Req’d = Eloi 


Add extra bags to prevent running short. 


MATERIAL SUMMARY 
Required On Hand Reserve 


leu Cem Ccy) 
Coarse Agg. 7. LOGO rey [Ole 
Fine Agg. tse Oy 08 =), Ohh 
* Cement Cbags) Sie rap os 50.80 ins Wwao| 
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UNIVERSAL on 


ENGINEERING SCIENCES ee RE 


Istar 


Consultants in Geotechnical Enqineering © 
Environmental Sciences * Construction Materials Testing 


February 22, 1990 


Kaco Contracting Company 


1911 Silver Star Road 
 Ortando, Florida 32804 


Attention: Mr. Richard Coble 


Reference: Roller Compacted Concrete Test Strip 
1911 Silver Star Road 
Orlando, Florida 
Project Number: 15281-001-01CMT 
Report Number: 2712 Reissued: 03-28-90 


Dear Mr. Coble: 


As requested, on February 12, 1990, Universal Engineering Sciences (UES) 
obtained six (6) additional cores test specimens from the roller compacted con- 
crete test strip at the above noted site to be cut, capped, and tested for 
weight, volume, and compressive strength. The cylinders were also tested for 
weight, volume, and compressive strength yielding a comparison between the 
cylinders and field cores concrete. 


The cores were obtained on February 12, 1990, utilizing a rotary drill diamond 
core bit and test for compressive strength on the following dates: 


3 day test on 2/12/90, 
7 day test on 2/16/90, 
28 day test on 3/9/90. 


All pertinent core test data is provided in tabular form on the accompanying 
Sheet titled "Report on Compressive Strength on Hardened Concrete." The data 
pertinent to the field compacted cylindrical concrete specimen is as follows: 
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Project No.: 15281-001-01CMT 
Report No.: 2/712 


In review of the data on the test strip cores and the compacted concrete 
cylinder, the compacted concrete cylinders indicate similar compactive effort 
on each sample even though the height was varied. The unit weights of the 
cores and cylinder were similar, yet the compressive strength varied greatly. 


We trust the presented information satisfies your immediate needs. However, if 
you should have any questions, please feel free to call. 


Respectfully submitted, 


Vifark Le Yang SFr 
Mark Naughton 


Laboratory Supervisor 
Universal Engineering Sciences 





ngifeering Manager 
Universal Engineering Sciences 


MN: FJS:rls 
cc: Client (2) 


Paul Soares (1) 
MN, UES (1) 
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Table E.1 Compressive Strength Data Sheet 
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